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STATE SCIENTIFIC AND 
INDUSTRIAL RESEARCH IN 
GREAT BRITAIN 


N the latest annual report of the Department of 

Scientific and Industrial Resea 
this issue), the report of the Advisory Council differs 
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research and of comparative surveys of factory 
practice, so as to take increasing account of the 
physiological and sociological factors which go so far 
to determine the standard of productivity, the report 
has little to say on questions of policy. It is con- 
cerned mainly to emphasize a few examples of the 
way in which the work of the Department is minis- 
tering directly to national needs, and with the financial 
position of some six of the research associations. 

Since the report of the Department for the year 
1930-31, the Advisory Council’s report has in the 
main been concerned with two or three major 
questions of policy, or with one or two outstanding 
features of the work of the Department during the 
year. Such discussions were clearly addressed to the 
scientific world in general as well as to industry, and 
were designed to promote a considered opinion on 
matters vitally affecting the future not merely of the 
Department but also of industry and the nation in 
general. With the growth of the Department and of 
the practice of the individual establishments of the 
Department issuing annual reports, it has clearly 
become impracticable, and indeed wholly undesir- 
able, for the annual report of the Department to 
duplicate the individual reports, or to refer in more 
than general terms to many of the activities or 
investigations of the Department. Nevertheless, in 
view of the expansion of the Department and the 
changed conditions, there should be clear ideas as to 
the exact purpose which the annual report of the 
Department, whether that of the Advisory Council 
or the accompanying summary of work, is designed 
to serve and the readers to whom it is primarily 
addressed. 

It is of some interest in this connexion to note the 
change in balance of the present report compared 
with earlier reports. Twenty years ago, the last of 
the Advisory Council’s reports over Sir William 
McCormick’s signature reviewed the features charac- 
terizing the year’s work of the research associations 
in general and of another ten topics. The Advisory 
Council’s report then ran to 25 pages, the “Summary 
of Work” to 69 pages and the aecount of the work 
of the nineteen research associations to another 25 
pages. When two years later the first report over 
Lord Rutherford’s signature discussed in ten pages 
the flexibility of the Department, its contact with 
industry and the application of new inventions, the 
summary of work still occupied only 72 pages and 
the account of nineteen research associations a further 
35 pages. The present report of the Advisory Council 
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runs likewise to ten pages; but shorn of the list of 
publications which has characterized all previous 
reports, the summary of work occupies 61 pages, and 
the account of the forty research associations a further 
95 pages. Thus, as in last year’s report, the pro- 
portion of space devoted to the work of the estab- 
lishments of the Department and to that of the 
research associations has been almost reversed as 
compared with that of the pre-war decade. It can 
reasonhbly be contended that the report now contains 
sufficient information concerning the work of the 
research associations to facilitate an independent 


judgment of the value to the nation of their 
work, 
With public expenditure on the Department 


reaching the £4 million level annually, and well over 
£1 million on the research associations alone, it is 
indisputable that the public should receive reasonably 
full information as to the return received for that 
expenditure. Moreover, the grants made by the 
Department to the research associations represent 
only a part of this expenditure. Figures given in 
the appendix to the present report show that the total 
income of the research associations in respect of the 
last completed year was more than £2,168,000. 
Support on such a scale from industry itself is 
unlikely to be maintained unless the industries them- 
selves are satisfied that the effort brings a com- 
mensurate return; but even if those industries are 
fully informed as to the work of particular research 
associations, publicity regarding the work can be a 
decisive factor in securing the further support which 
some associations still require to make their work 
fully effective. 

It is fairly clear that the Advisory Council itself 
must be somewhat concerned as to the best way in 
which the necessary account of its stewardship can 
be rendered. Much attention is indeed given within 
the Department to the dissemination of information 
about the results of the Department’s investigations, 
and the Advisory Council’s report refers to the efforts 
made both by publicity and by technical information 
services to secure the wider utilization of the results 
of its work. All the establishments and research 
associations are making efforts to deal with this 
problem ; but much remains to be done in industries 
for which there is no research association and to meet 
miscellaneous industrial needs. 

While, however, the annual reports of the individual 
establishments and boards of the Department con- 
tribute to this end, there stil! remains the need for 
some survey of the work of the Department as a 
whole. Parliament at least must be provided with 
the means of assessing the value of the Department’s 
work, and with justification for such expenditure, as 
the comments of the Committee of Public Accounts 
have indicated. Only thus can there be avoided an 
extension of Treasury control which might be detri- 
mental to the whole conduct of research by the 
Department. But beyond this, the scientific world 
and industry in general require some such means as 
the annual report provides for surveying the work of 
the Department as a whole, and for drawing their 
own conclusions as to how far the expenditure of this 
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cons:derable proportion of the nation’s resources of 
scientific man-power as well as of equipment and 
other national resources is in keeping with national 
needs, and the value of the return which results from 
such expenditure. It would, of course, be of interest 
to know to what extent the report is read by the 
general public and by what type of reader, for the 
present output of the Department’s publications is 
considerable and any waste in that respect should be 
avoided so far as possible. Nevertheless, if the 
assumption is correct that the report is addressed 
primarily to the scientific and industrial world, the 
omission of the list of publications from the present 
report appears to be false economy. Inclusion of 
such details is a valuable aid to a reader who wishes 
to examine independently particular statements 
made or opinions expressed in the report. 

On this view, however, the Advisory Council's 
report should, as hitherto, deal mainly with the 
broad questions of policy rather than attempt to 
stress particular achievements mentioned in the 
accompanying summary of work An attempt might 
perhaps be made to anticipate the kind of questions 
which scientific or technical readers are likely to ask, 
and to explain the reasons for important changes or 
trends. In the present report, for example, the 
continuous decline since 1947 of the number of senior 
research awards and grants for special investigations 
seems to merit a word of explanation, perticularly 
when the number of applications remains high. 
Apart from this, the less the Advisory Council's 
report is concerned with detail the better. It should 
take the broadest possible view, and set the un- 
doubted achievements and needs of the Department 
in their proper perspective against the nation’s 
resources and programme for scientific research. If 
the Advisory Council continues to give us in its 
annual report, as it has often done in the past, a 
review of some significant features in the nation’s 
strategy or tactics for research in which the Depart- 
ment of Scientific and Industrial Research must be 
closely concerned, that report will always be read 
with interest by a considerable and _ responsible 
section of the community. 


VOL. 167 


PHYSICAL BACKGROUND OF 
CHEMISTRY 


An Advanced Treatise on Physical Chemistry 

By Prof. J. R. Partington. Vol. 1: Fundamental 
Principles ; the Properties of Gases. Pp. xlii+ 943. 
(London, New York and Toronto : Longmans, Green 
and Co., Ltd., 1949.) 80s. net. 


HYSICAL chemistry was defined by van t’ Hoff 

as “the science devoted to the introduction of 
physical knowledge into chemistry’’, and this is the 
definition adopted by Prof. J. R. Partington in 
setting out to write his comprehensive treatise. The 
progress of physics and the development of modern 
theories of atomic and molecular structure have 
brought within the domain of physical chemistry 
much new mathematical material as well as many 
new experimental methods. The training of physical 
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chemists has not everywhere been fully adapted to 
the new conditions, and it is therefore all the more 
necessary to have books available which provide 
sufficient mathematical background for an under- 
standing of modern advances. 

The volume under review is “intended to form 
part of a comprehensive treatise on Physical Chemistry 
in three or four volumes’. It is thus an ambitious 
project, and the author deserves unstinted praise for 
his courage in tackling so formidable a task. It does 
not aim at providing a mathematical treatise, devoted 
mainly to the theoretical aspects of the subject, but 
rather at giving a survey of the whole subject with 
emphasis on’ the experimental rather than the 
theoretical side. 

While the emphasis is to be on facts and on 
experimental methods, as is right and proper, the 
author recognizes the need for theory, particularly 
when “‘theory is regarded as providing equations by 
means of which experimental results can be calculated 
and interpreted”. The first volume accordingly 
provides a long mathematical introduction (pages 
1-114), and then proceeds to deal with important 
branches of theoretical chemistry under the headings 
of thermodynamics, the kinetic theory of gases, 
statistical mechanics and wave mechanics. 

The mathematical introduction begins with the 
subject of calculus, no previous knowledge of which 
is assumed, and ends with the treatment of some 
partial differential equations required in physical 
theory, such as the transmission of wave motion in 
matter. It thus covers a great deal of ground and is 
necessarily condensed ; but the author has obviously 
given much thought to the lightening of the load by 
omitting all that is unlikely to be useful, and he 
tries at every difficult stage to introduce simple 
illustrations of the mathematical method. 

The section on thermodynamics is enlivened by 
many practical applications of standard formule, as 
in the calculation of entropies and free energies. The 
values of these quantities under standard conditions 
are displayed in extensive tables. The account of 
the kinetic theory of gases aims at providing the 
formule required in chemical kinetics and other 
branches of physical chemistry. It includes, for 
example, the theory of collisions in gaseous mixtures. 
This is followed by a treatment of statistical mechanics 
in order to show how thermodynamic quantities may 
be caleulated in terms of molecular properties. The 
quantum theory is then introduced, and its funda- 
mental importance in statistical mechanics is made 
clear. This in turn leads to the subject of wave 
mechanics, but in the space available it is possible 
to deal only with simple systems. An indication is 
given, however, of the meaning of directed atomic 
orbitals and their application in the theory of 
molecular structure. 

This might have been a suitable place at which to 
close the present volume, for there seems then to be 
a change of emphasis. Up to this point, the treatment 
is mainly theoretical, with brief references only to 
the observed facts and the experimental methods 
whereby the theories have been tested ; but in the 
two long sections which follow, on temperature and 
the properties of gases, it is necessary to give much 
more attention to the results of observation. The 
section on the properties of gases provides a most 
comprehensive and up-to-date account of the subject. 
Extending as it does to some 400 pages, with a 
most detailed bibliography, it might conveniently 
have formed a volume in itself. 
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Immense labour must have gone into the prepara- 
tion of the volume, aud one cannot but admire the 
industry and painstaking care which has _ been 
bestowed upon it. The author states in his preface 
that there are more than 18,000 separate references 
to literature in this volume and that every reference 
has been checked with the original whenever 
possible. This gives some indication of the magnitude 
of the task. Prof. Partington has paid particular 
attention to the historical introductions to the 
various sections and has thus made clear the suc- 
cessive stages in discovery. As a review of the 
literature this will be invaluable to the scientific 
historian. It is interesting to note, for example, the 
attempts which precsded that of Van der Waals to 
produce a satisfactory equation cf state, and to 
realize that the causes for the deviation from Boyle’s 
law had already been recognized and discussed at 
some length, though not expressed in quantitative 
form. At the same time, it may be well to realize 
that an unduly extensive list of references may have 
a repressive as well as a stimulating effect on the 
reader, unless the ‘high spots’ in the vast panorama 
are clearly brought out ; so much time may be spent 
in following up previous work as to leave little 
opportunity or incentive to do creative work. 

It would, of course, be easy to find points to 
criticize in a book covering so wide a field, for no 
two opinions agree on the relative emphasis to be 
given to its various parts. But all will agree that 
Prof. Partington has produced a scholarly and 
monumental work, and in doing so has created a 
lasting impression of scientific sincerity and great 
erudition. No library of chemistry, or of physics, 
should be without a copy, and no earnest student of 
physical chemistry will ever regret the modest outlay 
which its purchase involves. 

J. E. LeEnnarRD-JONES 


CYTOCHEMISTRY OF PROTEINS 
AND NUCLEIC ACIDS 


Celi Growth and Cell Function 
A Cytochemical Study. By Prof. Torbjoern O. 


Caspersson. (Thomas William Salmon Memorial 
Lectures.) Pp. 185. (New York: W. W. Norton 


and Co., Inc., 1950.) 5 dollars. 


NE of the most fascinating developments in cell 
biology during the past fifteen years has been 
Prof. T. O. Caspersson’s study of cells by the tech- 
niques of ultra-violet microscopy. The taking of 
photographs of cells by means of ultra-violet light, 
of course, considerably antedates Prof. Caspersson’s 
work. The new contribution which he has made lies 
in two things: the first is the development of 
quantitative methods for determining the absorption 
of light by cells ; and the second has been his inter- 
pretation of the results so obtained, and the resulting 
impetus which has been given to studies of the 
biological significance of pentose nucleic acid. 

This little book is a very valuable review of the 
work which has been carried out in this field in Prof. 
Caspersson’s laboratory. It begins with a discussion 
of the physical principles which underlie the studies. 
This includes discussions of the properties required 
in Optical systems, and carries on to discuss what the 
nature of the examined specimen must be if it is to 
be successfully examined, and the methods which 
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may be used for deducing the types of substances in 
cells which are responsible for the absorption of light 
at various wave-lengths. 

In subsequent parts of the book the results obtained 
by Prof. Caspersson’s methods are reviewed in some 
detail. The main headings include the formation of 
proteins during the process of mitosis, the formation 
of proteins in inter-mitotie cells, including the 
secretions of various glands, the formation of hamo- 
globin, and the formation of protein in nerve cells. 
Subsequent chapters deal with the peculiarities of a 
number of types of tumour, and of what Prof. 
Caspersson calls the ‘“‘simpler systems’’. The ‘simpler 
systems’’ particularly include the formation of 
proteins and nucleic acids by yeast, bacteria and 


viruses. 

In the methods which Prof. Caspersson has em- 
ployed, there is, to some extent, an unevenness of 
the excellence of treatment. With regard to the 
discussion on optical apparatus, the work appears to 
be above reproach, as far as the reviewer can judge. 
But the treatment of the specimens and the inter- 
pretation of the results are more open to question. 
There can be no doubt that much more consideration 
must be given to the actual condition of the specimen 
which is being investigated. A great deal of the work 
has been carried out with material fixed with chemical 
It is now known that during fixation with 
chemical substances, diffusion of nucleic acid or 
nucleoprotein occurs to a very serious extent. 
Fixation by the freeze-drying technique must be 
considered obligatory. 

Then, too, the actual interpretation of apparent 
extinction coefficients must be subjected to further 
analysis. This is required in at least two ways: the 
errors due to scattering of light in the specimen, and 
errors due, for example, to failure to follow Beer’s 
law, require further attention; and considerable 
doubt must be felt about the interpretation of 
extinction coefficients at individual wave-lengths. 
With regard to the latter point, at present the 
procedure is to take the half-dozen substances which 
are most likely to occur in a particular cell, and 
assume that practically the whole of the absorption 
of light is due to these substances. This takes too 
limited a view of the diverse chemical activities of 
living cells. To take one simple example, the absorp- 
tion of light at 2650 A. is probably, in most cells, 
mainly caused by purines and pyrimidines. In most 
work on cells it seems to be assumed, without question, 
that this is so, and it is further assumed without 
question that the purines and pyrimidines concerned 
must be present as part of nucleic acid molecules. 
This is an accumulation of assumptions which sooner 
or later is bound to lead to trouble. For example, a 
protein which had as part of its constitution purines 
or pyrimidines would have an ultra-violet absorption 
at 2650 A. which would be practically indistinguish- 
able from that of nucleic acids. 

However, while there are undoubtedly many points 
in quantitative microspectrophotometry which need 
very much more careful examination than has been 
provided at present, the most important thing about 
this book is the fact that, by vigorous exploitation 
of new physical techniques, an immensely valuable 
impetus has been given to the field of cytochemistry. 
To the student of cells, and indeed of all animals and 
plants the tissues of which cannot be obtained in 
large quantities, the theories of biochemistry must 
remain unsubstantiated to a depressingly high degree 
until the development of cytochemical techniques is 


fixatives. 
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sufficient to enable comparative and cellular bio. 
chemistry to become a reality. Until this happens, 
comparative studies are inevitably limited to the 
small number of tissues which can be obtained in 
amounts large enough for study by the classical] 
methods of biochemistry. To all who are interested 
in the development of cellular techniques, Pro! 
Caspersson’s book will be an invaluable guide. 


PHYSICAL REALITY 


The Nature of Physical Reality 
A Philosophy of Modern Physics. 
Margenau. Pp. xiii+479. (London : 
Publishing Co., Ltd., 1950.) 55s. 6d. 


ROF. HENRY MARGENAU'S book is the frui( 

of clear and profound thought based upon 
massive knowledge. His discussion is arranged with 
great care and presented with a mastery of vivi:l 
prose. He believes that the book can be used as a 
text on “the methodology of the exact natural 
sciences’ by senior undergraduates in physics or in 
philosophy who have had some introduction to the 
one of these subjects in which they are not special- 
izing. I am convinced that it will prove admirable 
for this purpose, at any rate with the aid of some 
expert guidance. But the book deserves also the 
serious attention of professional physicists and 
philosophers. 

It is a systematic analytical description of what 
physical science does; it can perhaps be termed a 
modern ‘grammar of science’. After some preliminary 
discussion of the common notions of experience an 
reality, the author states what is meant by science 
and, in particular, by a ‘theoretical science”. Then 
follows an analysis of the status of what is immediate] 
given in experience, and of the passage from this to 
‘constructs’ such as a tree or an electron. The author 
sets forth the ‘metaphysical’ requirements that are 
deemed to render particular constructs acceptable to 
science. He then analyses the procedures by which 
theories conforming to these requirements “attain 
validity’’ by empirical confirmation. Much of what 
follows are expositions of the foundations of theorics 
of space and time, mechanics, electromagnetic fields, 
thermodynamics, probability, statistical mechanics 
and ‘quantum mechanics. These are valuable ani 
illuminating, even apart from their bearing upon the 
more general matters under consideration. 

These matters are treated at suitable stages and 
include explanations of “‘systems”’, ““observables” and 
“states’’ in physics, the place of “definitions” in 
science, measurement, causality, prediction, the 
philosophy of Paul:’s exclusion principle and com- 
ments upon the possibility of extending the notions 
involved to other fields of thought. Here there is 
space to consider briefly only the matter which the 
author regards as the most important, the nature of 
physical reality. 

For him, “valid constructs” are the elements of 
physical reality. In effect, he maintains that these 
are the entities that come nearest to satisfying our 
prior notions of reality, that physical existence is 
reality in his sense. Therefore he seems to be doing 
something more than merely defining his use of the 
term ‘real’, ’ 

I think that something like Prof. Margenau’s con- 
clusion with regard to reality in physics is almost 
inevitable when physics is treated as a “theoretical” 


By Prof. Henry 
McGraw-Hill 
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science in his sense. But there is still the problem 
shown by the fact that, while his physics is very 
much interested in the existence of, say, planets or 
pieces of iron or neutrons, it seems to be quite 
indifferent to what particular planets or pieces of 
iron or neutrons do exist in the ordinary sense. In 
other words, his definition seems to have little to say 
about the existence of what we usually call the real 
world—that is, when this is regarded as a unique 
system. 

If I understand Prof. Margenau’s view rightly, he 
would regard such reality as coming partly into 
historical’ reality, which he recognizes as comple- 
mentary to, but merging with, his physical reality, 
and partly into the philosophy of existence, which he 
distinguishes from the philosophy of science. On the 
other hand, the reality in question is now becoming 
tlhe concern of physics in its application to cosmology. 
This does concern itself with the unique real universe. 
There is, of course, no guarantee that current physics 
is competent to deal with those aspects of the problem 
for which the uniqueness is relevant. But, if it is, we 
should expect to gain further insight into the meaning 
of physical reality. W. H. McCrea 
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STELLAR ENERGY AND 
EVOLUTION 


Astronomy of Stellar Energy and Decay 
A General Reader’s Outline of Facts and Theories 
about the Life-history of Stars, and a Student’s 
Introduction to their Radiation, Steady or Varying 
or Catastrophic. By Dr. Martin Johnson. Pp. 216+ 
{ plates. (London: Faber and Faber, Ltd., 1950.) 
l6s. net. 
’ | *HIS volume is described as an attempt to bridge 
the gap between popular astronomy and the 
research literature of stellar physics, in particular 
that part which deals with stellar constitution and 
evolution. According to the preface, its origins are 
to be found in lectures to general audiences under a 
university’s extra-mural board and to “many years 
of attempting, with frequent success, to infect senior 
students of physics with the desire to see their 
laboratory knowledge exemplified in the large-scale 
processes of Nature”. Although sympathetic to both 
these activities, especially the latter, I have mis- 
givings about trying to cater in one book for such a 
wide range of readers. Judging by the contents, some 
of these are supposed not to be familiar with the 
most elementary nomenclature of the constellations, 
or the distinction between. weight and mass, while 
others are judged capable of digesting at short notice 
the key formule of the theory of stellar interiors. 
"he subject is one of great difficulty, not because 
of the complexity of present ideas, but because we 
have so little chance of checking theory by observa- 
tion. We cannot examine the interior of a star by 
practical methods, and the slow pace of evolution 
makes it for the most part equally inaccessible in 
time. We see a wide variety of stars in the sky; but 
our sampling is gravely distorted by observational 
selection and may still be far from complete. We are 
uncertain whether the varieties seen represent typical 
stages in the life-history of one star, or whether they 
are samples of independent species. From the point 
of view of evolution, what is the significance of the 
unstable nove, the regularly varying Cepheids, the 
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extremely dense white dwarfs, the open clusters, the 
globular clusters, or Populations I and II? No final 
answer can be given at present to these or many 
other questions. Twenty years ago Eddington 
believed that a star is in its essentials a simple 
structure ; we are less confident to-day, and already 
our theories are appreciably more complicated than 
they were then. 

Dr. M. Johnson, in this sketch of the subject, has 
aimed at keeping clear the frontier (not always suffici- 
ently sharply defined in astronomical literature) 
between firmly based observational facts or generally 
accepted theories on one hand, and, on the other. 
that vast and fascinating hinterland of more or less 
speculative uncertainty which is to be found near 
the limits of our astronomical knowledge. In this he 
has had a measure of success, even though the 
specialist reader may wish to move the boundary a 
little this way or that in particular cases. Dr. 
Johnson is to be commended, too, on seeking to 
explain the importance of ‘models’ in the theoretical 
study of stellar structure, and might, indeed, have 
profitably spent more space on this subject. Despite 
some refreshing virtues, however, the book is not 
above criticism. In at least two places the reader is 
left with the entirely erroneous impression that giant 
and dwarf stars of the same surface temperature 
differ only in density and not in mass. The descrip- 
tion of practical techniques is so brief and vague 
that readers otherwise uninstructed will not find much 
enlightenment. Occasional sentences are clumsily 
constructed, and the author is inclined to obscure his 
meaning by a somewhat tortuous style of writing. 

However, the acid test is whether the book can 
stir the curiosity and whet the appetite of beginners. 
If it can, it will have justified itself. The short 
bibliography at the end of his work suggests that 
this is the author’s chief aim, and in this task he will 
have the good wishes of all astronomers. 

R. O. REDMAN 


DIVERGENT SERIES 


Divergent Series 
By Prof. G. H. Hardy 
Clarendon Press; London: 
Press, 1949.) 30s. net. 
HILE it is true, as Prof. J. E. Littlewood has 
remarked in the preface to this book, that the 
subject of divergent series has lost the sensational 
and paradoxical flavour which it had when he and 
Prof. G. H. Hardy began their work on Tauberian 
theorems, it still remains one of the most important 
branches of modern analysis and certainly one of the 
most attractive. 

The peculiar formal elegance of the subject and 
the interest of the delicate techniques which it 
requires are brought out to the full in this book, and 
it is hard to imagine a more pleasant or readable 
presentation of a subject of comparable difficulty. 
While it is plainly impossible to cover the whole field 
of divergent series exhaustively in a single work, the 
book contains enough to give a non-specialist reader 
a balanced picture of the main development of the 
theory into its modern form and, at the same time, 
to provide the specialist with an invaluable reference 
book from which it is only a short step to matters 
of contemporary research interest. 

A short historical survey of the many ideas which 
have been held about divergent series is followed by 
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an account of the general theory of regular trans- 
formations of series, including the Toeplitz —Schurr 
theorem on necessary and sufficient conditions for 
regularity, Knopp’s theorem on positive trans- 
formations, and a discussion of the extension of the 
theory to integral transformations of functions of a 
real variable. 

The main part of the book is then devoted to a 
full account of most of the standard methods of 
summation and the Abelian and Tauberian theorems 
associated with them. It includes proofs of the 
classical Tauberian theorems of Hardy and Little- 
wood for Cesaro and Abel summation, with a sketch 
or the original proof of the latter by the repeated 
differentiation technique, as well as the later and 
simpler proof of Karamata. The basic ideas in these 
earlier works are discussed in more detail in their 
application to the Hardy- Littlewood theorem for 
Borel summation with the O(n?) type of Tauberian 
condition. 

The book also contains a large amount of material 
on the less-familiar summation methods. In par- 
ticular, there is a very attractive introduction to the 
theory of Hausdorff methods, including Euler’s, and 
an account of the elegant formal relationship between 
the latter and Borel summation. 

The part of the book given to Wiener’s methods is 
hort, but it is enough to provide an account of the 
general Tauberian theorem in a form which makes 
its application to all the standard methods seem 
natural and straightforward. The power and 
generality of the method is illustrated by its use in 
the ‘one-sided’ form of the Borel —'Tauberian theorem. 

Among the many other topics discussed are the 
Euler—Maclaurin summation formula, the multi- 
plication of series and the Fourier kernels of sum- 
mation matrices; and there are many illuminating 
comments and suggestions in the notes at the end of 


H. R. Pitt 


each chapter. 


BIRDS OF GREENLAND 
Gronlands Fugle (The Birds of Greenland) 


Part 1. Text by Finn Salomonsen ; plates by Gitz- 
Johansen. Pp. 158+17 plates. (Kobenhavn: Ejnar 
Munksgaard, 1950.) 60 Danish kr.; 66s. 
NM R. GITZ-JOHANSEN, a well-known Danish 
artist who has specialized in Greenland subjects 
while travelling in that country, made a number of 
pictures of the birds. He decided to publish these 
paintings and asked Dr. Finn Salomonsen to write 
an appropriate text. They are not the usual kind of 
illustrations one is accustomed to in a faunal work, 
and doubtless will not please the critical eyes of some 
ornithologists. It must, however, be remembered 
that Mr. Gitz-Johansen does not pretend to be a 
bird artist but has painted the birds as they appear 
to him. The birds of Greenland have always been of 
special interest to ornithologists in the British Isles, 
since many pass through these islands on migration, 
while others spend the winter here. 

The earliest account of Greenland birds appeared 
in a book by H. Egede in 1741. The author founded 
a missionary colony at Godthab, where he lived 
during 1721-36, and refers in his book to twenty- 
five well-known species. Most of the work on the 
avifauna of Greenland has been done by Danes, but 
ornithologists in Great Britain, too, have made many 
notable contributions. 
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The explorers in search of the North-west Passage 
made collections of birds while their ships were being 
worked up the Davis Straits between the ice and the 
coast of Greenland. It was on such an occasion that 
Sir Edward Sabine, who accompanied Parry on his 
first voyage in 1819, obtained specimens of the small 
gull that now bears his name; and two years later 
Mr. Ross, afterwards Sir James Clark Ross, shot two 
examples on the Melville Peninsula of the rare rosy- 
coloured gull, which Richardson named after him. 
At a much later date, Prof. Newton prepared for Sir 
George Nares’s expedition in 1875 in the Alert a 
useful summary of Greenland birds that were known 
up to 1875. By tar the most important publication, 
however, is H. Winge’s “‘“Gronland Fugle’’, published 
in 1898, and for long the standard work although now 
out of date. Dr. Salomonsen’s new account is there- 
fore very welcome, more especially since it is in 
Danish and English in parallel columns, and we shal! 
look forward to the completion of the work. 

The author has paid several visits to Greenland to 
study birds in the field, and in Denmark he has had 
the large collections in Copenhagen at his disposal 
Part 1 includes the divers, petrels, ducks and their 
allies, and the cormorant. Of the two divers, the 
red-throated is very common, and Dr. Salomonsen 
in one night saw a hundred in the air at one time 
making for the sea to feed. The major portion of 
this part deals with the geese and ducks, about which 
Dr. Salomonsen has much to tell. According to the 
ringing-returns, the Greenland race of the white 
fronted goose is confined in winter to the British 
Isles. The Greenlanders apparently do not shoot 
many of the old birds; but they catch many goslings 
and sell them in the settlements for fattening for 
Christmas. No doubt foxes and eagles also take a 
considerable toll. Among the ducks the Greenland 
race of the common mallard is of special interest. It 
differs in colour from European examples ; but more 
important is the fact that it is resident in these 
northern climes. 

In the autumn the birds leave their inland nesting- 
haunts for the sea, selecting places where the currents 
are strong and the ice seldom forms. There they 
collect together in flocks and feed in the littoral zone 
on crustaceans and molluscs. Should the weathe: 
become very severe and ice is formed, areas of sea 
weed are exposed as the tides fall, and there the birds 
can find a feeding ground. The form of the eider 
duck found in Greenland is smaller than the bird in 
Great Britain and the Continent. It is the most 
important duck in the economy of the Greenlanders, 
who formerly shot birds for food at all times of the 
year, collected vast numbers of eggs for winter use, 
and made coats and bed-covers of plucked skins. 
These last were exported to Denmark, as many as 
1,300 in a year, and as it takes a hundred skins to 
make one bed-cover, the drain on the numbers of 
eider-ducks was enormous. Fortunately the Govern 
ment in 1938 issued orders restricting the slaughter 
of birds and collection of eggs, and in addition the 
exportation of skins was prohibited. All this has 
had a very beneficial effect. 

The king-eider, a brighter-coloured bird than the 
ordinary species, has in the male a bright-coloured 
knot on the front of the head. It is not uncommon in 
the northern areas. Dr. Salomonsen mentions a 
curious habit of the Greenlanders who, when shooting 
one of these ducks, at once bite off the knob and eat 
it raw—considering it quite a tit-bit. 

N. B. Kinnear 
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Précis de microscopie 

Technique, expérimentation, diagnostic. Par M. 
Langeron. Septiéme édition entiérement refondue. 
Pp. vili+ 1430. (Paris: Masson et Cie., 1949.) 
2600 francs. 


No. 4254 


“HE new edition of this well-known text-book 
fulfils expectation. The book has two main 
attributes that together make it preferable to most 
of its competitors: it has the coherence that results 
from its being written by a single author; and there 
is more scientific explanation in it, and less purely 
empirical matter, than in most other books on micro- 
technique. The chemistry underlying staining re- 
actions, etc., is explained in a simple, direct manner ; 
some of these explanations are particularly well done 
for example, the account of the use of methylene blue 
and related dyes in staining blood-smears). 

There is abundant evidence that the author has 
both theoretical knowledge and practical experience 
in very diverse parts of his subject. Much good 
common-sense is to be found in what he writes about 
microscopy itself, particularly in his strong recom- 
mendation of the opal bulb as an illuminant, and his 
insistence on the good results obtainable with con- 
densers that are not highly corrected, in routine 
work ; but he does not sufficiently stress the import- 
ance of the field-stop, nor does he adequately explain 
the focusing of the bull’s eye, when this is used with 
an intense light-source. Also, he uses a very much 
narrower illuminating-cone than most experienced 
microscopists. The section on photomicrography is 
weak : the treatment is not general enough, too much 
space being devoted to a particular apparatus. There 
are a few errors, as is perhaps inevitable in such a 
large work as this. Thus, the author says that in 
phase-contrast microscopy the objective is used at 
full aperture, which would only be true if the phase- 
plate annulus were situated at the periphery of the 
aperture of the objective. He also makes the aston- 
ishing statement that dark-ground illumination is 
invariably produced by total reflexion at the surface 
of the coverslip. These, however, are minor matters. 

The book can be confidently recommended to 
British microscopists and micro-technicians. 

Joun R. BAKER 


Electrical Measurements and the Calculation of 
the Errors Involved 

By D. Karo. Part 1. Pp. 191. (London: Mac- 

donald and Co. (Publishers), Ltd., 1950.) 18s. net. 


Most text-books on practical physics include a 
A chapter dealing with the calculation of errors 
involved in experimental work, and one wishes that 
students would digest this at the earliest opportun- 
ity. Very often this wish is unfulfilled, and students, 
especially in the early stages, proceed with the experi- 
ments without a full appreciation of the degree of 
accuracy to be expected at the end. 

In this book Mr. D. Karo compels the student to 
consider errors, both systematic and accidental, for 


| he demonstrates the relative usefulness of different 


methods of measurement by calculating the errors 
involved in each and the limitations of various 
instruments, and also indicates the conditions in 
which each should be used. It is true the work 
covers the whole syllabus of the final degree exam- 
ination in electrical measurements, but the book can 
be used with profit even by students preparing for 
the intermediate examination, for this latter is the 
time when they should begin to appreciate the value 
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of their experimental observations; the first two 
chapters should certainly give such students invalu- 
able information. 

The book starts admirably: “A measurement of 
any kind is of use only when the limits of the maxi- 
mum possible error are known’. If only students 
would realize this early it would save a lot of time 
and trouble. Altogether, this is an extremely useful 
book, particularly for finals students, research 
workers and engineers. 


Relations entre les phénoménes solaires et géo- 
physiques 

(Questions d’actualité éditées par les Annales d’ Astro- 

physique et les Annales de Géophysique, 1: Colloque 

International tenu a Lyon en 1947.) Pp. 312. (Paris : 

Editions de la Revue d’optique théorique et instru- 

mentale, 1949.) 1800 francs. 


HIS record of papers, presented to the Conference 

on Solar-Terrestrial Relationships which was held 
at Lyons in 1947, shows to even the casual reader 
what a wide range of phenomena are affected, or even 
controlled, by solar radiation, electromagnetic or 
corpuscular. Study of the sun is now of importance 
to physicists, radio engineers, geomagneticians and 
meteorologists, as well as to astronomers. That the 
author index to the volume reads like an inter- 
national scientific directory confirms the world-wide 
appeal of the subject. 

It is perhaps scarcely fair to expect more than the 
thinnest unifying thread running through the whole 
work : it is no more than a series of research papers 
of uneven quality on related topics, each accom- 
panied by a record of the discussion it aroused at the 
Conference. Regarded as an interim report on work 
in progress on a very live subject, however, this 
should be on the shelves of every geophysicist and 
astronomer. It is a pity that the quality of the paper 
is barely adequate even for the letterpress; the 
attempt to reproduce photographs in half-tone on 
this same low-grade paper fails miserably. 


Organic Chemistry 

A Textbook for Science and Medical Students. By 
Dr. Frederick Prescott and Dr. Dudley Ridge. 
Second edition. Pp. iv+724. (London: University 
Tutorial Press, Ltd., 1950.) 14s. 6d. 


HE scope of this book is intended to cover the 

organic chemistry required for the general- 
degree examination and that needed by second-year 
medical students. The chapters dealing with carbo- 
hydrates, purines, proteins and fermentation are 
fuller than usual, in order to meet the needs of 
medical students. In the second edition a new chapter 
on isomerism and polymerism has been added, in 
view of the increasing importance of plastics. The 
book follows the usual plan, and speciai emphasis is 
given to details ot preparation, these sections being 
sufficiently detailed for laboratory use. 

The methods of preparation and properties of 
groups of substances and individual compounds are 
clearly and comprehensively set out, and the text is 
well suited to students beginning the subject, who 
should find the book intelligible and interesting. 
Examination questions at the ends of the chapters 
will be useful to students and teachers. Although the 
classical theories, including stereochemistry, are 
adequately treated, electronic theories are excluded 
as beyond the scope of the book. This is a clear and 
good treatment of elementary organic chemistry. 
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ANNUAL REPORT FOR 1949-50 


"| “HE annual report of the Department of Scientific 
and Industrial Research for the yeat 1949-50* 
includes, as usual, the report of the Committee of the 
Privy Council, over the signature of the Lord Presi- 
dent of the Council, and that of the Advisory Council 
over the signature of Sir Ian Heilbron, together with 
appendixes listing the assessors to the Advisory 
Council and members of the research boards and 
committees of the Department, the research associa- 
tions, and summaries of the expenditure of the 
Department for the year, including maintenance 
allowances to students and research awards and 
grants. One appendix is missing this year, namely, 
the customary list of publications issued during the 
year, which last year occupied some forty pages of 
the report. The greater part of this year’s report 
consists of the summary of work, and of this some 
hundred pages deal with the work of the research 
associations as against sixty dealing with the activities 
of the Department’s various research stations and 
boards ; the latter, however, have for the most part 
already been described in the several annual reports 
already issued by individual stations or boards. 
The gross expenditure of the Department for the 
year ended March 31, 1950, was £4,346,580, as against 
£3,696,945 in the previous year, but this was reduced 
by receipts from various sources to £3,913,782, the 
net increase on 1948-49 being £640,673. The total 
staff of all grades employed in the Department on 
October 1, 1950, was 3,916 (including 135 part-time), 
an increase of 455 on 1948-49 and of 758 on 1947-48. 
Of the net expenditure, the largest single item was 
the annual grants to research associations totalling 
£1,099,714, besides special grants amounting to 
£26,678. Gross expenditure on the National Physical 
Laboratory was £721,251, but receipts reduced this 
to £467,250. Grants for special researches amounted 
to £344,410, an increase of £75,731, and grants to 
students to £212,055 net. Net expenditure on 
building research was £255,333, on road research 
£226,057, on fuel research £188,965, on food investi- 
gation £185,406, on forest products research £85,573, 
on mechanical engineering £82,666, on radio research 
£65,685, on water pollution £41,906, on pest infesta- 
tion £39,043, and on hydraulics £18,175. Apart from 
the increase of £64,894 in expenditure on mechanical 
engineering, the order of expenditure is in general 
that of the previous year, though expenditure on 
both fuel research and food investigation increased 
£40,000. Of the gross expenditure of 
£114,050 on the Chemical Research Laboratory, 
£35,758 was covered by receipts, and receipts 
amounting to £21,261 again covered more than half 
the gross expenditure of £40,884 on fire research. 
Net expenditure on the Geological Survey and 
Museum was £149,309, on headquarters administra- 
tion £91,064, on headquarters intelligence £47,092, 
and on headquarters overseas liaison £41,792. The 
corresponding figures for the last three items in 
1948-49 are £79,237, £32,109 and £31,483, respect- 
ively, and in view of what is said in the Advisory 
Council’s report about strengthening the contacts 
between headquarters and the stations and research 
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associations, and the increased responsibilities of tl 
Intelligence Division of the Overseas Liaison, thes: 
increases seem moderate. Research contracts 
amounted to £139,134 as against £45,459 in 1948-49 

Although the grants to students, etc., increased by 
£51,457 over the figure for 1948-49, and the numbe: 
of students in training increased from 736 to 823s, 
senior research awards decreased from 23 to 16, 
and grants for special investigations from 99 to 93 
Of the last two items, five and twelve, respectively, 
were new awards, and the preponderance in chemistry 
and physics continued ; ten senior research awards 
were in chemistry and fifteen in physics, while of th 
grants for special investigations, twenty-four were i), 
chemistry, forty-three in physics, eleven in enginec: 
ing, six in biology, five in mathematics and astronom) 
and four in geology and mineralogy. Of the grants 
to students, 308 were in chemistry, 285 in physics 
62 in biology, 63 in engineering, 46 in mathematics 
and astronomy, 36 in metallurgy, and 28 in geolog) 
and mineralogy; of these grants, 376 were new. 

Much of the information regarding the work of the 
research boards and stations of the Department is 
available in the annual reports of individual boards 
or stations which have already been published. Th 
report of the Advisory Council, however, selects some 
examples to illustrate the way in which both the 
establishments of the Department and the researcl) 
associations are meeting national needs. With the 
transfer from the Chief Scientific Adviser’s Division 
of the Ministry of Works of work on user requirements 
and the economics of building, the conduct of all 
building research is now the responsibility of the 
Department. Besides its work on the design of stee! 
frame buildings when welded rigid joints are used, 
and on the bearing capacity of soils in relation to 
foundations of large structures, the Building Research 
Station has been concerned with many factors 
affecting the efficiency of buildings, such as the 
choice of colour schemes in factories so as to reduce 
visual strain and thus aid production. 

Of particular importance at the present moment 
is the work directed towards improving the supply of 
sulphur. The work of the Chemical Research Labor- 
atory on sulphate reducing bacteria, originally con- 
cerned with the prevention of corrosion of iron pipes 
in waterlogged soils and with the disposal of refuse, 
now offers a possibility of reiieving the sulphur 
situation by microbiological production. The chief 
obstacle to the industrial exploitation of a process of 
producing sulphur by this means from lakes in 
Cyrenaica is the low specific rate of reduction of 
sulphates, and research is proceeding with the view 
of accelerating the process. Work under the Gas 
Research Board has shown that sulphur of 99 pe 
cent purity and otherwise satisfactory for the manu 
facture of sulphuric acid by the contact process can 
be obtained from the spent oxides of gas works, while 
plans are well advanced for semi-scale trials at a 
steelworks in South Wales of a new process, worked 
out by the British Iron and Steel Research Associa- 
tion, for regenerating sulphuric acid from spent 
pickling liquor. 

The Road Research Laboratory, besides its investi- 
gations on dazzle and on road safety, which, for 
example, led to an 85 per cent reduction in the 
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number of accidents in wet weather over a stretch of 
Finchley Road, Hampstead, through re-surfacing 
with hot-rolled asphalt in place of wooden blocks, 
has made important contributions to reduction of 
cost of maintenance of surface-dressed roads. The 
increased and more efficient use of mechanical devices 
for spreading tar and chippings has within the past 
three years reduced the labour cost in one county 
from 2d. to 4d. per square yard. Large-scale studies 
by the Joint Fire Research Organization of the 
development of fire have yielded results of immediate 
importance in deciding the protection to be given to 
houses, and other work is being carried out on the 
conditions which determine the initiation and growth 
of fire, as well as on the use of water in extinction of 
fires, forest fires and dust explosions in factories. 

Work on the handling and stowing of chilled (iced) 
fish has reached a stage affording a basis for ‘icing 
codes’ for ships of various construction and equip- 
ment, while, with the co-operation of the Agricultural 
Research Council, feeding trials are in progress of 
high-quality protein feeding-stuffs obtained by alkali 
digestion of surplus herrings. Systematic studies are 
being made of the effect of temperature and duration 
of storage on the deterioration of fresh vegetables, 
and, in co-operation with the Ministry of Agriculture 
and the Ministry of Food, surveys are being made 
of the conditions to which vegetables are exposed 
during distribution and marketing. The Low Tem- 
perature Research Station is developing a method 
for the direct plating of aluminium with nickel, 
which may meet the need of the food and other 
industries for a cheap and light-weight metal of 
bright appearance which does not corrode and can 
be soldered. 

The full-scale investigations on the properties of 
Colonial timbers continue to be a major preoccupation 
of the Forest Products Research Laboratory ; but 
some long-term research on the physiology of starch 
depletion and of heartwood formation has been begun, 
as well as an investigation into the causes of the 
distortion of plywood. A yield-measurement scheme 
for assessing quantitatively the suitability of any 
species for plywood manufacture is undergoing its 
final trials, and alternatives to creosote are being 
tested as preservatives for external timber in view 
of the possibility that supplies of creosote may be 
inadequate. The Fuel Research Station is engaged 
on the development of coal-fired gas-turbine plant, 
particularly with regard to the design of combustion 
chambers, methods of dust removal and the problems 
of blade fouling. A vortex combustion chamber has 
been designed to burn 500 lb. of coal per hour at 
atmospheric pressure with a heat release of about 
500,000 B.Th.U. per cu. ft. per hour, while another 
type of chamber, based on that used for firing 
Lancashire boilers with pulverized coal, gives a 
higher combustion efficiency but only about one- 
third of the heat release of the vortex unit. Smoke 
elimination from industrial boilers, the removal of 
sulphur from flue gases and the recovery of sulphur 
from indigenous sources have been investigated 
by the Station, which is also responsible for co- 
ordinating, analysing and publishing results of 
atmospheric pollution observations made in Great 
Britain. 

The new Hydraulics Research Station is expected 
to be ready for occupation in the present year, and 
meantime work has continued at the Nationa] Physical 
Laboratory, the universities and the Royal Victoria 
Dock of the Port of London Authority on the Wyre 
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tidal model, the Forth model, the River Eden model 
and the Fassideri Spillway model. The Forth model 
has already indicated that the construction of piers 
and dredging around the Beamer Rock would have 
a negligible effect ; that removing the Beamer Rock 
would increase stability of flow and increase silting ; 
and that constructing embankments to enclose 
lagoons into which dredged materials would be 
dumped, by reducing curvature, would slightly 
decrease tidal flow. Some of the buildings of the 
new Mechanical Engineering Research Laboratory at 
East Kilbride are expected to be ready for occupation 
in 1951, and the committees set up by the Board are 
paying special attention to the equipment of the 
Laboratory. Some research on the fundamental 
mechanisms of fatigue failure has been started at the 
University of Bristol, work on photoelasticity has 
been expanded and some basic work on the properties 
of materials on the macro-scale in the plastic region 
has been started in the National Physical Laboratory. 
In the Division housed at Therntonhall, work is 
directed to the elucidation of the fundamental causes 
of friction and wear, and to the solution of generic 
problems arising from the practice of lubrication. 

In the Pest Infestation Laboratory, a considerable 
measure of success has been attained in the control 
of blowflies in slaughterhouses with DDT dust, 
while the discovery that all stages of the development 
of the common clothes-moth are killed by a few 
hours exposure to a temperature of 41° C. at a 
relative humidity of 70 per cent is being pursued 
with the view of its utilization as a practical method 
of control. The Radio Research Organization con- 
tinues to be engaged on an extensive programme of 
fundamental research, and a sub-station at Fraser- 
burgh has been maintained during the year in 
addition to the work at the National Physical 
Laboratory and at the Radio Research Station at 
Slough. At the Road Research Station a study of 
the construction of roads over peat has started. 
Collaboration of the Water Pollution Research 
Laboratory with the countries of the Commonwealth 
is increasing. Experiments have been started in 
collaboration with the Gas Research Board’s Advisory 
Panel on Ammonia Effluents to determine the effect 
on biological treatment of sewage of constituents of 
spent liquor from the manufacture of coal gas. 
Assistance has also been given in the development 
of processes for the treatment of: water for Tehran 
in Persia. 

Some illustrations have already been given of the 
work of the research associations. Attention is 
directed by the Advisory Council’s report to the 
increasing use of the process devised by the Wool 
Industries Research Association for rendering wool 
unshrinkable ; production now exceeds 2-3 million 
Ib. a year, and an indirect effect has been the develop- 
ment by the hosiery industry of processes for ren- 
dering its products unfeltable. The same Association 
has continued its work on detergency and the action 
of detergents in scouring as well as on the products 
formed by the action of papain and sodium bisulphite 
on wool. The precision grade system of fitting shoes 
developed by the British Boot, Shoe and Allied 
Trades Research Association is being more widely 
adopted and is leading to developments in the 
standardization of size-markings. Steel-works are 
obtaining increases up to 20 per cent in output as a 
result of installing a new and simpler air inlet to steel 
furnaces, which has been developed by the British 
Iron and Steel Research Association in co-operation 
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with the industry, while the 3,500 h.p. gas turbine, 
designed to drive a propeller directly, which the 
Parsons and Marine Engineering Turbine Research 
and Development Association is developing, offers 
great potential advantages over the steam turbine in 
efficiency, weight and adaptability. 

The work of the British Baking Industries Research 
Association on the staling of bread has made it 
possible to relate the chemical composition of anti- 
staling.agents to retardation of staling, and to 
suggest optimum levels for inclusion in the formula 
used with particular commercial products. A com- 
bination of fat and glyceryl stearate products appears 
to offer the further advantage of increasing the 
nutritional value. The Research Association of 
British Flour Millers has studied the milling behaviour 
of biscuit and confectionery flours in relation to the 
structure of the wheat grain, and has elucidated the 
chemistry of the toxic factor formed by the action 
of the flour improver, agene (nitrogen trichloride), on 
proteins, as well as completing a three-year survey 
of the milling and baking value of winter-sown home- 
grown wheat. Investigations designed to increase 
production include those of the Hosiery and Allied 
Trades Research Association on the use of suitable 
backgrounds, lighting conditions and magnifying aids 
to reduce eye-strain, and of the British Hat and 
Allied Feltmakers’ Research Association on acid 
control in felt manufacture. The British Launderers’ 
Research Association has investigated the chopped 
fibre technique for the evaluation of detergents and 
obtained good agreement with full-scale results. The 
British Non-Ferrous Metals Research Association has 
now obtained some light on the causes of localized 
corrosion or pitting of copper water pipes. The 
fundamental work on the reactions occurring in the 
polymerization and oxidation of drying oils is being 
pursued by the Paint, Colour and Varnish Manu- 
facturers’ Research Association, and the British 
Paper and Board Industry Research Association is 
considering the utilization of waste linseed straw 
from United Kingdom flax. The Research Association 
of British Rubber Manufacturers is investigating the 
possibility of using common materials occurring in 
the United Kingdom, such as calcium carbonate, as 
alternatives to carbon black for ‘reinforcing’ rubber. 


LABELLING OF PROTEINS WITH 
IODINE-131, SULPHUR-35 AND 
PHOSPHORUS-32 


By Dr. G. E. FRANCIS, Dr. W. MULLIGAN and 
Pror. A. WORMALL 


Dept. of Biochemistry and Chemistry, 
Medical College of St. Bartholomew’s Hospital, London 


r | use of isotopes, particularly those which are 

radioactive, for the labelling of proteins and 
related compounds is now being widely adopted for 
many investigations in biochemistry and medicine. 
Early in 1939, we prepared mustard gas (di-2-chloro- 
ethyl sulphide) containing sulphur-35 for investi- 
gations on the action of mustard gas and its 
derivatives on animal tissues, and on the immuno- 
logical properties of proteins treated with mustard 
gas. (An account of these war investigations was 
published in 19461.) Afterwards, we used proteins 
labelled with sulphur-35 and phosphorus-32 for 
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quantitative studies on the precipitin reaction’, and 
in other immunological studies* we have used pro- 
teins labelled with iodine-131. 

The isotopic labelling of proteins can be effected 
by normal laboratory chemical methods, but the 
treatment involved frequently effects several changes 
in the protein molecule in addition to the attachment 
of a label or labelled group. Treatment of serum 
proteins with phosphoryl chloride, for example, 
results in the phosphorylation of the hydroxyl groups 
of several amino-acid residues, but it almost inevit- 
ably causes denaturation and other changes in the 
protein. When proteins are treated with mustard 
gas sulphone (di-2-chloroethyl sulphone) the reagent 
reacts very readily, at room temperature and pH 7-5, 
with the free amino groups of the protein, but the 
possibility of other changes in the protein molecule 
cannot be excluded. Iodination of proteins leads to 
the introduction of iodine into the 3 : 5-positions of 
the tyrosine residues ; but other groups (for example, 
histidine) may be iodinated, sulphydryl groups are 
oxidized and other changes may occur‘. Thus the 
use of large amounts of labelling agents such as iodine, 
mustard gas sulphone and phosphoryl chloride for 
the introduction of several ‘tags’ into each protein 
molecule may result in the production of a chemically 
altered protein with properties significantly different 
from those of the original protein. Obviously, this 
is @ serious drawback for many biological investi- 
gations. 

Now that certain radioisotopes are becoming more 
generally available in the form of preparations of 
high specific activity, it has been possible to ‘trace- 
label’ proteins with some of these radioisotopes. In 
this way one can reduce very considerably undesirable 
changes such as denaturation, hydrolysis and oxida- 
tion. For example, it is possible to iodinate proteins 
using an extremely small amount of radioiodine, and 
to introduce an average of one or two iodine atoms 
per molecule of protein, with little or no detectable 
change in the chemical and physical properties of the 
protein. 

Some proteins can be biologically labelled, as, 
for example, casein‘, lipovitellin*, and nucleoproteins, 
all of which have been labelled biologically with 
phosphorus-32. Several other proteins can be labelled 
biologically with radioactive isotopes’. This bio- 
logical method yields proteins which are, for practical 
purposes, completely ‘physiological’, apart from the 
label; it is, however, of rather limited application, 
and unless large amounts of radioelements of high 
specific activity are used, it usually gives a product 
of relatively low specific activity. Stable isotopes 
can similarly be used for the biological labelling of 
proteins ; for example, nitrogen-15 has been used to 
label antibodies’. 

During the past few years, many investigators who 
wanted to use labelled proteins for biological tracer 
studies have consulted us with regard to the labelling 
methods we have used in our immunological investi- 
gations. Short accounts of some of our methods have 
been published*, but a more complete account is 
given here in the hope that it will prove generally 
useful. 


Labelling of Proteins with lodine-131 


The method we have used is essentially that 
described by Wormall’*. The protein in ammoniacal 
solution is treated with a radioactive iodine solution 
prepared by one of the methods outlined below. The 
labelled protein is then freed from unbound or loosely 
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attached iodine and iodide by dialysis, usually 
followed by precipitation by sodium sulphate or 
some other suitabie salt. 

By this method proteins may be ‘trace-labelled’, 
that is, iodinated to a small extent (less tl 1 1 per 
cent) with radioactive iodine of fairly high specific 
activity, so that they suffer little change in serological 
and other physico-chemical properties but can still 
be determined in minute amounts by radioactivity 
measurements. Proteins may also be ‘fully iodinated’ 
(up to about 10 per cent iodine) to give labelled 
antigens for the study of iodinated protein antigen— 
antibody reactions. The experimental procedures in 
‘trace-labelling’ and ‘full iodination’ differ, and hence 
are dealt with separately below. 
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Preparation of Radioactive lodine Solutions 


The amount of iodide in the ‘carrier-free’ sodium 
iodide solution containing iodine-131 normally sup- 
plied is negligible, in a chemical sense, and dilution 
with non-radioactive iodine is usually required. The 
most convenient reagent for the iodination of proteins 
is a solution of iodine in potassium iodide (that is, 
I, + KI = KI;). When sodium iodide containing 
iodine-131 is added to such a system, it takes part 
in the ‘iodine-iodide’ equilibrium and is rapidly dis- 
tributed throughout the system. From the point of 
view of obtaining maximal utilization of the iodine- 
131, the amount of potassium iodide present should 
be kept to a minimum, and either of two methods 
can be used for the preparation of suitable solutions 
of iodine in potassium iodide. 

(i) Saturation of a potassium iodide solution with 
elementary todine. The potassium iodide solution is 
treated with excess of finely powdered iodine, allowed 
to stand for about 48 hr. with occasional shaking, 
and then filtered to remove excess of solid iodine. 
The amount of free iodine in this solution is then 
determined by titration with standard thiosulphate. 
By choosing an appropriate concentration of potas- 
sium iodide, a solution of iodine in potassium iodide 
of any desired concentration may be prepared. For 
this purpose it is useful to draw a graph showing the 
solubility of iodine in solutions of varying concen- 
tration of potassium iodide at the appropriate 
temperature. The iodine-131 (as sodium iodide 
solution) is added to the iodine (in potassium iodide) 
solution a few minutes before use for iodination. 

(ii) Liberation of iodine from an ‘iodide-iodate’ 
mixture containing sufficient excess of iodide. The 
quantity of iodine required is calculated and liberated 
according to the equation : 


5KI + KIO, + 6HCl = 6KCl + 3H,0 + 3I,. (1) 


An excess of potassium iodide (determined from 
the graph) just sufficient to keep the liberated iodine 
in solution is used. The radioiodine solution may be 
added to the original potassium iodide, or to the 
solution after the liberation of iodine. 

(One disadvantage in the use of solutions of iodine 
in potassium iodide is that the iodine-131 present as 
iodide, usually about half the total, takes no part in 
the iodination. If supplies of iodine-131 are limited, 
this loss of radioactive materials can sometimes be 
largely avoided by iodinating with a solution of 
iodine in ether. The quantity of iodine required is 
calculated and prepared according to equation (1), 
using no excess of potassium iodide, the radioactive 
iodine (as iodide) being added to the potassium 
iodide used. The liberated iodine is extracted with 
ether (s.g. 0-720; previously twice washed with 
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distilled water) to give a solution of radioactive 
iodine in ether. This method has been found useful 
for the preparation of radioactive 3 : 5-diiodotyrosine, 
but it is not generally satisfactory for the iodination 
of proteins, since ether has a denaturing effect on 
many proteins.) 


‘Trace-labelling’ of Proteins with Radioactive lodine 


The iodination of proteins in ammoniacal solution 
proceeds smoothly at room temperature. The con- 
centration of ammonia used can be varied within 
fairly wide limits; but in order to minimize the risk 
of damage to the protein, it is advisable to keep it 
fairly low. In the labelling of antibodies with iodine- 
131, we have used 0-10 ml. 5N ammonium hydroxide 
per 1-0 ml. protein solution. 

The radioactive iodine solution is added, a few 
drops at a time, to the ammoniacal solution of the 
protein, with shaking after each addition. When all 
the iodine has been added, the solution is allowed to 
stand for 10-15 min. and then brought to pH 7:5 
with N acetic acid. The labelled protein is best freed 
from unbound iodine and iodide by dialysis, followed 
by several precipitations with sodium or ammonium 
sulphate. The solution is first transferred to a 
dialysis sac (Visking ‘Cellophane’ tubing : 1 in. 
diam.) containing a small glass marble to facilitate 
mixing, and the sac tied at both ends. The solution 
is dialysed overnight against a large volume of 0-9 
per cent sodium chloride to remove most of the free 
iodide. Final ‘purification’ of the labelled protein can 
be effected by several precipitations ; for example, 
globulins with sodium sulphate (a final concentration 
of 12 per cent for gamma-globulins ; 18 per cent for 
total globulins), and albumins by saturation with 
ammonium sulphate. 

The amount of iodine required to be added to give 
any particular degree of iodination is readily calcu- 
lated from the fact that in the introduction of small 
amounts of iodine (up to 1 per cent) by this method, 
about 35 per cent of the added free iodine combines 
with the protein. 


Table 1. IODINATION OF ANTISERUM GAMMA-GLOBULINS 





| Radioiodine 

| y-Globulin |5N ammonium] solution (X) added Iodine 
solution hydroxide -_-——_—,—-—-—- content of 

(2°5 per cent added Amount of labelled 
protein) free iodine | y-globulins 

| (ml.) (ml.) (ml.) (mgm.) (per cent) 

1-0 0-1 0-275 0°225 0-32 

1-0 Orl 0°55 0°45 0-60 

1-0 0-1 0-92 | 0°75 0°87 

















Example. 0-01 M potassium iodide solution was 
treated with excess of tinely ground iodine, the 
mixture kept for 30 hr. and then filtered. A 4-0-ml. 
sample of this solution of iodine in potassium iodide, 
containing 1-23 mgm. free iodine/ml., was mixed 
with 2-0 ml. of radioactive ‘carrier-free’ sodium 
iodide (containing 100 uC. of iodine-131). This 
mixture (X), containing 16-7 uC. of iodine-131 and 
0-82 mgm. free iodine/ml., was then used to iodinate 
the gamma-globulin fraction of an antiserum obtained 
by immunizing rabbits with ovalbumin treated with 
mustard gas sulphone. Typical results of this experi- 
ment are given in Table 1. 


‘Full lodination’ of Proteins with Radioactive lodine 


A higher concentration of ammonia than that used 
in ‘trace-labelling’ is necessary for full iodination by 
this method. We normally use 0-5 ml. 5N ammonium 
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hydroxide per ml. protein solution (2-3 per cent 
protein). In preparing a fully iodinated savtein, the 
iodine solution may be added dropwise to the 
ammoniacal solution of the protein until free iodine 
is detectable, by starch, a few minutes after the last 
addition. With radioactive iodine, it is more econo- 
mical to add a calculated amount of the iodine solu- 
tion, and we have found that 30-35 mgm. iodine 
added per 100 mgm. protein gives fairly complete 
iodination of serum proteins and ovalbumin under 
these conditions. These fully iodinated proteins can 
be ‘purified’ by several reprecipitations by acid. 
Dilute acetic acid is added to give maximal precipita- 
tion and the mixture is centrifuged. The precipitate 
is dissolved in 0-9 per cent sodium chloride with 
dilute sodium hydroxide or sodium carbonate solution 
added to give pH about 7-5. The precipitation with 
acetic acid is repeated a further two or three times. 

Example. 150 pwC. of iodine-131 (as sodium iodide 
solution) was added to a mixture of 0-4 ml. of 10 
per cent potassium iodide and 1-43 ml. of 0-1 N 
potassium iodate, and the iodine was then liberated 
by adding a slight excess of 0-1 N hydrochloric acid. 
This solution was then added, a few drops at a time, 
to a mixture of 1-0 ml. of a 5 per cent solution of 
human serum globulins, 1-0 ml. of water and 1-0 ml. 
of 5N ammonium hydroxide. After the mixture had 
stood at room temperature for 5 min., the iodinated 
globulins were freed from unbound iodine and iodide 
by three precipitations in slightly acid solution, as 
described above. These iodinated globulins contained 
9-2 per cent of iodine (based on an average nitrogen 
content of 16 per cent for the serum globulins), and 
they gave the following rate of counts: 200 counts/ 
min./ugm. protein nitrogen with the liquid counter 
described by Veall™, and 2,000 counts/min./ygm. 
protein nitrogen with an end-window bell-type 
counter. 


Discussion 


For our immunological investigations, we have 
found the labelling of antibodies and antigens with 
iodine-131 very satisfactory. Where ‘trace-labelling’ 
is adopted, there is little detectable change in the 
properties of these compounds; for example, pre- 
cipitating antibodies can be labelled with appreciable 
amounts of iodine without significant loss of their 
precipitating power. Some typical results of our 
experiments with iodinated antibodies are given in 
Table 2, and from these results it will be seen that no 
marked reduction in the amount of precipitable anti- 
body occurs until an average of about 1 per cent of 
iodine has been introduced into the antibody. This 
corresponds to an average introduction of about 13 
atoms of iodine, or the formation of 6-5 diiodotyro- 
sine groups, per molecule of antibody (assuming an 
average molecular weight of 165,000 for antibody 
molecules). 

Labelled proteins containing appreciably less than 
1 per cent iodine can be used for immunological and 
many other biological investigations. There are, 
however, certain drawbacks to the use of a prepara- 
tion which is likely to contain a high proportion of 
unlabelled protein molecules, since the possibility of 
the iodinated protein behaving differently from the 
original protein cannot usually be excluded. Bute- 
ment'* has calculated that where an average of 7-7 
atoms of iodine are introduced into each molecule of 
& protein, corresponding to an iodine content of about 
0-60 per cent for antibody molecules, it is probable 
that only 0°05 per cent of the molecules will be 
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Table 2. EFFECT OF IODINATION ON PRECIPITATING ANTIBODIES 
The antiserum used in experiment was obtained by immunizing 
rabbits with ‘sulphone-ovalbumin’ (ovalbumin treated with <j-2- 
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ne-ovalbumi: 
labelled with sulphur-35, to allow a complete analysis of the pre- 
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subtracting the antigen h 
content) from the total nitrogen ; — +e -y-y- two methods ao $A —f— rr 
the same result in every case. 
Sptte re Precipitate formed (per ml. of anti- 
fodina: serum) in the aheet of maximum 
Tantl ies") precipitation 
atoms/mol. Total N Antibody N 
(per cent) | of protein (vgm.) (ugm.) 
0 107 99 7 
0-33 4°33 109 100 
0-65 8-4 102 92 
1-17 15 88 83 
2-61 33 36 34 
unlabelled. (This calculation is based, however, on 


the assumption that single atoms of iodine enter the 
protein molecule, whereas the main change is the 
formation of 3:5-diiodotyrosine residues). The intro- 
duction of 1 per cent or more iodine into the pre- 
cipitating antibodies we have studied leads to marked 
loss of their precipitating power (Table 2), and this 
is in agreement with the results obtained by Brein] 
and Haurowitz™ in their studies on the action of 
ordinary iodine on agglutinating antisera. 

In recent years several other investigators have 
labelled proteins with iodine-131, usually by adding 
iodine in potassium iodide solution to a slightly 
alkaline solution of the protein. Pressman and 
Keighley"* have, for example, iodinated, with iodine- 
131, antisera to kidney extracts and have used them 
to study the localization of these antibodies in the 
kidney after their injection into rabbits. More 
recently, Pressman and Sternberger'* have exten- 
sively studied, by i 10chemical methods, the 
relative rates of uptake of iodine by various serum 
proteins when antisera are iodinated by iodine in 
potassium iodide solution in a borate buffer at pH 8. 
They found that the albumin fraction becomes iodin- 
ated twice as rapidly as does the total globulin 
fraction, and the latter twice as quickly as antibody 
molecules. They also found that the introduction of 
as Many as eighteen iodine atoms per antibody 
molecule does not destroy ite ability to undergo 
specific precipitation. Other investigators’* have 
used iodinated proteins containing iodine-131 to 
study the distribution of injected antigens. 


Labelling of Proteins with Phosphorus-32 


Proteins can be labelled in vitro with phosphorus-32 
by treating the protein with phosphory! chloride, and 
the phosphorylated proteins obtained can be used in 
certain immunological experiments’? and possibly 
other investigations. However, treatment with this 
reagent effects considerable changes in the chemical, 
physical and immunological properties of serum 
proteins, ovalbumin, etc.“ ; and furthermore, many 
of the attached phosphate groups are readily split off 
when the labelled protein is injected intravenously 
into a rabbit. Thus phosphorylated proteins have 
rather a limited value in biological tracer investiga- 
tions, though the use of small amounts of 
phosphoryl chloride prepared from radiopbosphorus 
of high specific activity might yield ‘trace-labelled’ 
phosphorylated proteins useful for short-term tracer 
experiments. 
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Labelling of Proteins with Sulphur-35 (using 
Mustard Gas Sulphone) 

Most proteins readily react with mustard gas 
sulphone at pH 7-5-8-0, and the ‘sulphone-proteins’ 
obtained from the serum proteins and ovalbumin can 
be ‘purified’ by precipitation with dilute acetic acid. 
By using mustard gas sulphone containing sulphur-35, 
labelled proteins suitable for some immunological and 
other purposes cah be obtained**, but it must be 
remembered that these proteins are ‘foreign’ to the 
animal body. When injected into an animal they 
usually incite the formation of antibodies specific for 
‘sulphone-proteins’, and they thus have a limited 
value for ordinary tracer investigations. 

Recently, we have prepared radioactive mustard 
gas sulphone of high specific activity, and have labelled 
ovalbumin with this reagent. Proteins trace-labelled 
with sulphur-35 in this way should be generally useful, 
since all our evidence tends to show that the sulphone 
groups are firmly attached to the protein molecule 
and are not readily removed in vivo. 


Double Labelling of Proteins with lodine-13! and 
Sulphur-35 

Red cells can be labelled with two radioactive 
isotopes of iron, and the biological double-labelling 
of other proteins such as casein, nucleoprotein or 
lipovitellin with two or more different isotopes 
presents no insuperable difficulty. Multiple isotopic 
labelling of proteins, with all the labels firmly attached 
to the protein molecule, is, however, not so readily 
achieved by purely chemical methods without appre- 
ciable alteration in the chemical and physical proper- 
ties of the protein. 

During the past two years we have studied the 
labelling of ovalbumin and serum globulins with both 
iodine-131 and sulphur-35. These double-labelled 
proteins have proved useful in our study of the 
specific combining properties of the antibodies pro- 
duced in response to the injection of the double- 
labelled antigens’*, and it is possible that the methods 
we have used may be suitable for other biological 
studies. We have found that the most satisfactory 
labelling is usually obtained if the treatment of the 
protein with mustard gas sulphone precedes iodina- 
tion, for, in general, iodination of ovalbumin or serum 
globulin appears to reduce the reactivity of the 
protein towards mustard gas sulphone. A typical 
example of the technique is given below. It should be 
emphasized, however, that the double-labelled proteins 
obtained are ‘chemically-altered’, and have chemical 
and immunological properties significantly different 
from those of the corresponding unlabelled proteins. 

Example. Mustard gas sulphone (177 mgm.) and 
one drop of phenol red solution were added to 10 ml. 
of a 6-5 per cent solution of thrice-crystallized oval- 
bumin and the mixture was stirred at 37° for 2 hr., 
with 5N sodium hydroxide added when necessary to 
keep the pH at 7-5-8-0. The solution was then kept 
overnight at 37°, filtered, and treated with 2N acetic 
acid to give maximal precipitation. The precipitated 
‘sulphone-ovalbumin’ was dissolved in water with the 
aid of a little dilute sodium hydroxide and again pre- 
cipitated by adding acetic acid. After a further 
precipitation, the solution (10 ml.; pH about 7-5) 
was treated with 5-0 ml. of 5\ ammonium hydroxide 
and the protein iodinated by adding 5-0 ml. of 0-1N 
iodine in potassium iodide. The ‘iodinated-sulphone- 
ovalbumin’ was precipitated by adding acetic acid, 
reprecipitated a further twice, and dissolved in 10 ml. 
of 0-9 per cent sodium chloride at pH 7-5. This 
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preparation of double-labelled ovalbumin contained 
18-5 atoms of iodine and 24 sulphone groups per 
molecule of protein (assuming a molecular weight of 
40,500 for ovalbumin). 

In other investigations we have used smaller 
amounts of mustard gas sulphone and iodine, both of 
high specific radioactivity, to effect ‘trace double- 
labelling’ of certain proteins. Full details of the 
method, which is a slight modification of that 
described above, will be published later. 


Summary 


The labelling of proteins with iodine-131 can 
readily be effected by iodination in weakly ammoni- 
acal solution. In this way proteins can be ‘trace- 
labelled’ without serious alteration in their chemical 
and physical properties, or more fully iodinated 
proteins can be prepared. Proteins labelled with 
phosphorus-32 prepared by treating the protein with 
phosphoryl chloride have a limited use for most 
biological investigations, but those labelled with 
sulphur-35 (by the use of mustard gas sulphone) are 
very suitable, since the attached sulphone label is not 
readily removed in vivo. A brief account is given of 
double isotopic-labelling of proteins, with iodine-131 
and sulphur-35. 


We are indebted to the Medical Research Council 
and the Central Research Fund of the University of 
London for grants (to A. W.) covering part of the 
expenses of these investigations. We are also grateful 
to Dr. K. Zerahn, who collaborated with us in the 
preparation of some of the double-labelled proteins, 
and to Dr. V. C. E. Burnop for help with one of the 
preparations of radioactive mustard gas sulphone. 
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OBITUARIES 
Dr. Robert Broom, F.R.S. 


Dr. Rosert Broom, who died on April 6 at 
the age of eighty-four, was distinguished not only 
for the great abundance of his contributions to the 
science of paleontology, but also for the wealth of 
evidence which they provided in connexion with 
some of the most interesting problems of vertebrate 
evolution. Broom was born in 1866 and studied 
medicine at the University of Glasgow. He qualified 
in 1889, after first serving an apprenticeship in the 
Department of Chemistry as a junior assistant. It 
was during this interlude that his first scientific paper, 
“On the Volume of Mixed Liquids”, appeared in the 
Proceedings of the Royal Society of Edinburgh. How- 
ever, the current interest in evolutionary problems 
soon attracted him into the biological field, and he 
became particularly occupied with the question of 
the origin of mammals. Indeed, it was partly for 
this reason that in 1892 he went to Australia, for he 
sought opportunities for making embryological 
studies on monotremes and marsupials. 

During the next few years Broom published a 
number of papers on morphological subjects, in- 
cluding several dealing with the structure of the 
skull, the vomero-nasal organ, and the development 
of the vertebrate skeleton. The main theme of these 
contributions concerned the establishment of homol- 
ogies in mammals and reptiles as a basis for a 
discussion of phylogenetic relationships. While on a 
visit to London in 1897, Broom’s interest was aroused 
by the cynodont skulls collected by Dr. H. G. Seeley 
in South Africa, and it was this which stimulated 
him to go to Cape Town in order to make further 
studies of the fossil remains of these mammal-like 
reptiles. He engaged in a modest medical practice 
which permitted him from time to time to make 
fossil-hunting expeditions to the Karoo, and for a 
few years he also occupied the chair of geology and 
zoology at Victoria College, Stellenbosch. 

There followed a most productive period of some 
twenty years during which Broom published a suc- 
cession of papers on the mammal-like reptiles, as well 
as many dealing with the anatomy and taxonomy of 
the Chrysochloroidea and other groups of recent 
mammals. In 1913 he was invited to give the 
Croonian Lecture of the Royal Society, choosing as 
his subject “The Origin of Mammals”. In 1920 he 
was elected a Fellow of the Royal Society and in 
1928 awarded one of the Royal Medals. These 
honours, supplemented later by the conferment of 
honorary degrees by several universities, bear witness 
to the respect and admiration aroused by his scientific 
work. In 1932 Broom’s intensive studies of the 
material collected in the field by himself culminated 
in the publication of a large monograph entitled 
“The Mammal-like Reptiles of South Africa”. 
Apart from the discovery of many new types, he 
made a detailed study of the Pelycosauria. He was 
the first to show that these were ‘mammal-like 
reptiles’, firmly establishing their phylogenetic status 
in relation to the origin of the Mammalia. He also 
made valuable contributions to the major classi- 
fication of the Reptilia. 

In 1934, at the personal instigation of the late 
Field-Marshal Smuts, Broom was given an appoint- 
ment on the staff of the Transvaal Museum, Pretoria. 
It was soon after this that, convinced of the import- 
ance of the Taungs skull (A ustralopithecus) in relation 
to the problem of the origin of man, he sought for 
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further remains of these extinct ape-like creatures, 
His long experience in the field enabled him, with 
the most remarkable insight, to recognize other sites 
which might be expected to yield fossil fauna similar 
to Taungs, and within a few years he had made a 
most amazing collection of australopithecine material 
at Sterkfontein and Kromdraai, only a few miles 
from Pretoria. The results of these excavations were 
published in two monographs in 1946 and 1150. 
Soon afterwards, an even richer deposit was found 
at another site, Swartkrans, about a mile from 
Sterkfontein, and here Broom found (with the help 
of his assistant, Mr. J. T. Robinson) many more 
skulls, jaws, teeth, and portions of the limb skeleton, 
including those of adults, adolescents and infants. 
At the time of his death, he had just completed his 
manuscript for a monograph on this new materia! 

Although the major part of Broom’s long scientific 
career was spent on a study of mammal-like reptiles, 
his name at the moment happens to be associated in 
the minds of most people with the fossi] Australo. 
pithecinz, because of their topical interest. His 
work established clearly that the importance of these 
fossils lies in the remarkable combination of simian 
and hominid features which they present. It is true 
to say that this is now generally recognized, even 
though the precise taxonomic significance of the 
hominid characters has been a subject of controversy. 
Although he allowed himself the privilege of specu- 
lating in his popular expositions, in his scientific 
communications Broom actually expressed himself 
rather cautiously about the position of the Australo- 
pithecine ; he took the view that they either 
represent branches of the ancestral stock which gave 
rise (perhaps at an earlier time) to Homo, or that at 
least they were probably rather closely related to 
this stock. Following his outstanding work on this 
fossil material, Broom received two honours which 
gave him very great pleasure, the Wollaston Medal 
of the Geological Society of London, and the Elliot 
Gold Medal awarded by the United States National 
Academy of Sciences. The citation of the latter refers 
to Broom’s monographs on the Australopithecinz as 
a scientific contribution to the study of fossil man 
“of the foremost rank’’. 

Those who knew Broom personally were impressed 
by his indefatigability, for he possessed an astonishing 
combination of mental and physical energy. If the 
pace at which he worked sometimes gave to passing 
acquaintances an impression of impatience, and 
perhaps on occasion even a suggestion of impetuosity, 
this was but an expression of a most impelling 
enthusiasm which animated all his activities. This 
enthusiasm showed no signs of waning up to the 
very end of his life. Indeed, the last few years of his 
long life were just as productive as any equivalent 
period in the early part of his career. Probably few 
octogenarian men of science could claim as much. 

W. E. Le Gros CLarK 
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Prof. G. A. R. Kon, F.R.S. 


BriTIsH chemistry has lost a unique personality in 
the sudden death on March 15 of George Armand 
Robert Kon, professor of chemistry at the Chester 
Beatty Research Institute of the Royal Cancer 
Hospital. George Kon was born in 1892 in St. 
Petersburg, having a Polish father and a French 
mother. His early education was in Russia, Tientsin 
and Vladivostok. At the suggestion of Sir Robert 
Hodgson he was sent to the University of Cambridge, 
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where he obtained a second class in the Natural 
Science Tripos in 1912. In 1913 he joined the 
Imperial College of Science and Technology, London, 
where he was a contemporary of 8S. Sugden and C. K. 
Ingold, and started research work under J. F. (later 
Sir Jocelyn) Thorpe. He was naturalized in 1916 
and served in the anti-gas service during the First 
World War, being a member of the British Gas 
Mission to the United States in 1918. He was men- 
tioned in dispatches in 1917. At the end of the War 
he rejoined Thorpe at the Imperial College. He 
received the D.Sc. in 1922, became lecturer in organic 
chemistry in 1925 and assistant professor in 1934. In 
1942 he was appointed professor of chemistry at the 
Chester Beatty Institute, a post which he held until 
his death. He was elected a Fellow of the Royal 
Society in 1943. 

Kon’s scientific career falls into three parts. The 
first, up to about 1932, was taken up with the study 
of tautomerism, particularly the classical work on 
the migration of thé double bond in unsaturated 
chains. Conspicuous in this period was his work on 
the glutaconic acids. In the next decade he worked 
most effectively in the steroid and triterpene groups. 
He synthesized the key dehydrogenation product of 
the steroids, ‘Diels’ hydrocarbon’, and later made 
important contributions to triterpene chemistry. The 
final phase came after his appointment to the Chester 
Beatty Institute, where he was concerned with new 
types of chemical carcinogens, including amino- 
stilbenes, ‘nitrogen mustards’, epoxides and other 
biological alkylating agents. This work shows 
promise of throwing light on the mechanism of 
carcinogenesis and mutagenesis. Throughout his 
career Kon was a most gifted experimentalist, with 
an assured and masterly technique. 

He was @ man of unusually wide tastes and accom- 
plishments; an excellent linguist, an admirable 
golfer and a lover of fine furniture. But he will be 
best remembered for his entirely lovable personality 
which embodied modesty, humour, kindliness and 
great generosity. R. P. Linsteap 
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Dr. John S. Paraskevopoulos 


Dr. J. S. PARASKEVOPOULOS, astronomer in charge 
of the Boyden station of the Harvard Observatory 
at Bloemfontein, died after a short illness on March 
15 last at the age of sixty-one. He will be specially 
remembered for his work in superintending the taking 
of photographs of the southern skies, which enabled 
the Harvard astronomers to study the whole of the 
sidereal universe and not merely that part which 
appeared above the local horizon. 

“Paras”, as he was often called, studied astronomy 
in his native Greece and, for a short time, worked 
at the National Observatory at Athens. He saw 
military service in the Balkan Wars and the First 
World War, which prevented him proceeding abroad 
with a scholarship he had won in 1912. In 1919, 
however, he went to Yerkes Observatory of the 
University of Chicago, where he spent three years. 
At Columbia University he met and married Miss 
Dorothy W. Black, who accompanied him and took 
part in his future astronomical work. The Harvard 
southern station had been erected in the 1890's at a 
high altitude at Arequipa in Peru, and when “Paras” 
was sent to take charge of it in 1923 it had been 
decided to seek another site, as the observing con- 
ditions at Arequipa, although excellent for most of 
the year, were poor from December to March. This 
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left part of the sky poorly observed, and Dr. and 
Mrs. Paraskevopoulos investigated other sites in 
Peru and northern Chile. Reports from South Africa 
ultimately led to the selection of a site at Mazelspoort, 
about fourteen miles from Bloemfontein, at an altitude 
of 4,500 ft., and this site has proved an excellent one. 
About the middle of 1927 the first instruments 
arrived in South Africa, and since then “‘Paras’”’ was 
actively engaged in procuring photographs for the 
Harvard Programme. 

In all, ten telescopes were erected at Mazelspoort 
and have been continuously employed by some half 
a dozen assistants. The instruments included a 60-in. 
reflector, the 24-in. Bruce doublet and smaller instru- 
ments down to 3-in. and even 1}-in. telescopes used 
as patrol cameras. The work covered most fields of 
practical astrophysics—nebular surveys, proper 
motions, photometry, variable stars and spectro- 
scopy. Only a few months ago, a powerful Baker- 
Schmidt reflector was added to the equipment. The 
number of plates taken in a month sometimes 
exceeded a thousand. 

The time of Dr. Paraskevopoulos was mostly taken 
up in practical work, and he had little time for 
personal research. He was specially interested in 
nebulz and clusters, and as president of the Astro- 
nomical Society of South Africa gave his presidential 
address in 1938 on “The Transparency of Space and 
Absorbing Material’. He naturally took great 
interest in special occasions such as the total solar 
eclipse of 1940 and the appearance of bright comets. 
He will be much missed by his Harvard colleagues. 

Paraskevopoulos retained his Greek nationality, 
and during the War he and his wife were active in 
work for assisting Greek refugees in South Africa. 
His astronomical work was recognized by his election 
as a member of the Greek Academy of Science. 


NEWS and VIEWS 


Festival of Britain 

“OnE hundred years ago Queen Victoria opened the 
Great Exhibition in Hyde Park. Its creators were 
far-sighted men who looked forward to a world in 
which the advances of art and science would uplift 
civilization to enduring peace and prosperity.”” With 
these words, H.M. the King began his address from 
the steps of St. Paul’s Cathedral, when on May 3 
he formally declared open the Festival of Britain. 
He referred to the many parallel festivals up and down 
the country as a visible sign of national achievement 
and confidence, and he remarked: ‘“‘Many of these 
activities and displays will be of lasting value. They 
will maintain the prestige of our arts and industries 
abroad by proof of our world-renowned skill in design 
and craftsmanship; and they will also show how 
vital a part is played in industry by scientific imagina- 
tion and research.” Another aspect of the past 
hundred years was stressed by the Archbishop of 
Canterbury in his address at the ceremony of dedica- 
tion which preceded the King’s speech. He said: 
“The greatest creation of our nation has been a way 
of life, a tradition of how men and women and 
children may live together in the freedom of mutual 
respect and trust, free to be themselves, free to be 
generous to others.” 

So the Festivai of Britain has opened. Many 
eminent men of science have given much thought 
and time to the scientific displays, and reference was 
made to this by the Lord President of the Council 
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in his message published in Nature of May 5. He also 
pointed out that scientific workers generally have still 
&@ special part to play in the Festival. They alone 
can work for the better relationship between science 
and the community—for wider understanding of the 
methods and purpose of science. The achievement 
of this understanding will be an important step to- 
wards the fulfilment of the prayer with which the 
King concluded his address, that “the vast range of 
modern knowledge ... may be turned from de- 
structive to peaceful ends, so that all peoples, as 
this century goes on, may be lifted to greater happi- 
ness . 


Chemical University College, 
London : Prof. H. E. Watson 


Pror. H. E. Watson will retire from the Ramsay 
chair of chemical engineering in University College, 
London, at the end of the present session. Educated 
at Marlborough and University College, where he 
came under the influence of Sir William Ramsay, 
Prof. Watson had a most distinguished college career. 
Awarded an 1851 Exhibition in 1909, he gained 
further experience in research in the Universities of 
Berlin, Geneva and Cambridge, working for a time 
in the Cavendish Laboratory, Cambridge. In 1911 
he was selected by his former teacher, Dr. M. Travers, 
who had recently been appointed director of the 
Indian Institute of Science, Bangalore, to be assistant 
professor of inorganic and physical chemistry. ‘This 
post he held until 1916 when, on the retirement of 
Dr. Travers, he was appointed to the chair. Although 
Prof. Watson’s main interests lay in physical 
chemistry, to which subject he has made valuable 
contributions, he collaborated with his colleague, 
Prof. J. J. Sudborough, in the study of Indian natural 
products likely to prove of economic value. With 
tueir students they published a long series of im- 
portant papers on Indian vegetable and essential oils. 
One outcome of this work was the establishment of 
the Mysore Government Factory for the distillation 
of sandalwood oil. Many of Prof. Watson’s students 
now occupy important positions in Indian universities 
and industry. On returning to Great Britain in 1934, 
Prof. Watson was appointed to his present chair. 
With the outbreak of the Second World War in 1939, 
his services were placed at the disposal of the 
Admiralty, and on his return to the College in 1945 
he was faced with the problem of rebuilding and 
refitting his laboratory, which had been destroyed by 
enemy action. There is little doubt that under more 
favourable conditions Prof. Watson would have made 
an even more valuable contribution to the training 
of chemical engineers than he has done. 


Mr. M. B. Donald 


Mr. Maxwett Bruce Donap, who has been 
appointed to succeed Prof. Watson, was born in 1897 
and educated at Felsted School. He entered the 
Royal College of Science, London, in 1914; but his 
university career was interrupted by the First World 
War, in which he served in France as a lieutenant in 
the Royal Artillery. Returning to London at the 
end of the War, Mr. Donald obtained the associate- 
ship of the College with a first class in chemistry and 
was awarded a Yarrow Scholarship for study in the 
United States, where he worked at the Massachusetts 
Institute of Technology and obtained his first taste 
for chemical engineering. He was elected an associate 
member of the newly formed Institution of Chemical 
Engineers in 1923, and, after two years of teaching, 
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he spent three years in Chile investigating problems 
of nitrate production. In 1931 he was appointed a 
lecturer, and in 1947 reader, in chemical engineering 
at University College, London. Mr. Donald is prob. 
ably best known to his wide circle of friends as the 
honorary secretary during 1937-49 of the Institution 
of Chemical Engineers; he is now a vice-president 
of the Institution, a member of council of the Royal 
Institute of Chemistry, member of the Chemical 
Council, director of the Bureau of Abstracts, chair. 
man of the Maximum Permissible Working Stress 
Committee of the British Standards Institution, and 
a member of many other committees. In these varied 
capacities he has rendered services of the greatest 
value to chemical engineering, especially on the 
educational side. He was mainly responsible for 
drafting the scheme for an undergraduate course in 
chemical engineering, which forms the basis of 
teaching in many universities throughout the British 
Commonwealth, and has more recently prepared a 
much-wanted syllabus for higher national certificates. 
These activities have not prevented his writing 
numerous scientific papers and reports of considerable 
importance, including two recent memoirs of a 
historical nature. In his new post Mr. Donald will 
have ample opportunity to continue this good work, 
and the profession will look forward to his help and 
guidance in the future. 
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Applied Mathematics at Queen’s University, 
Belfast : Mr. D. R. Bates 


Mr. D. R. Bares, at present reader in physics in 
University College, London, has been appointed to 
the chair of applied mathematics in Queen’s Univer. 
sity, Belfast. Mr. Bates is a graduate of Queen's 
University, where in 1937 he took the degree of 
B.Sc. with first-class honours in mathematical physics 
and experimental physics, and in 1938 the degree of 
M.Se. in mathematical physics. After a short period 
as a research student at University College, London, 
under Prof. H. S. W. Massey, he was engaged in 
research for the Admiralty until 1945. Since then, 
apart from a visit to the United States in 1950, he 
has been again at University College. Mr. Bates's 
research has been mainly directed to the application 
of quantum mechanics to the study of atomic 
structure and the rates of atomic processes, and in 
particular to those problems which have a bearing 
on the properties of the upper atmosphere and 
similar diffuse systems. He has published a large 
number of important papers on these subjects and is 
@ recognized authority on the physics of the iono- 
sphere, as well as an important contributor to 
astrophysical subjects. In particular, his paper on 
the “Intensities of Spectral Lines’”’ should prove of 
much value to astrophysicists. During the Second 
World War Mr. Bates was concerned mainly with 
the defensive and offensive aspects of sea mining 
warfare, and his work led to much economy in the 
difficult technique of design of mine mechanisms for 
resisting the shocks inherent in mine laying. 


Samuel George Morton (1799—1851) 

A CENTURY ago, on May 15, 1851, Samuel George 
Morton, physician and naturalist, died in Philadelphia 
at the age of fifty-two. Born in 1799, he graduated 
M.D. at the University of Pennsylvania in 1820, and, 
after studying in Europe, obtained the M.D. of the 
University of Edinburgh three years later. In 1839 
he was elected to the professorship of anatomy in 
Pennsylvania College, and his substantial “Human 
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Anatomy” gained him a lasting reputation. Within 
the field of medicine he was noted for his work on 
tuberculosis ; he considered bronchitis to be a con- 
tributory factor in the causation of the disease and 
was an early advocate of open-air treatment. His 
book, *“‘Ilhustrations of Pulmonary Consumption’”’, was 
published in 1834. Morton also made notable con- 
tributions to geology, zoology and _ vertebrate 
paleontology. His “Synopsis of the Organic Remains 
of the Cretaceous Group of the United States’’ (1834) 
described fossils brought back by the Lewis and 
Clark Expedition and may be considered the starting 
point of paleontological and systematic work on 
American fossils. An earlier work dealt with numerous 
fossil forms—plesiosaurs, crocodiles, horses, ele- 
phants and mastodons—found near the Rariton 
River, New Jersey. For purposes of comparative 
study he assembled a large series of human skulls ; 
the collection was said to have cost him between 
ten and fifteen thousand dollars, and to be “‘worth a 
visit to America’”’. For his conclusion that the races 
of man were of diverse origin he was bitterly assailed 
by many who claimed that he was denying the 
authority of the Scriptures. 
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History of Sources of Energy 

THE latest science pamphiet in the fortnightly 
series published by the Bureau of Current Affairs 
has been written by William E. Dick, the editor of 
Discovery, and describes the development of sources 
of energy from early times. Beginning with the use 
of man’s own energy, Dick examines the employment 
of animals, wind and water mills, steam and iron, 
the development of railways and ships, the growth 
of electricity and the origin of the steam turbine 
and the internal combustion engine, the first air- 
craft, and the invention of the gas turbine. Water 
and tidal power, the wind, heat of the sea, geothermal 
and solar energy are discussed as other possible 
sources of power, while, in another section, the author 
discusses the efficient use of fuel before examining 
the source and potentialities of atomic power. Like the 
majority of these pamphlets, ““The Story of Energy” 
is admirably illustrated with attractive and topical 
diagrams and illustrative charts and maps. It also 
contains a lucid summary and relevant bibliography. 


Royal Commission on University Education in 

Dundee 

A Royat Commission has been set up to inquire 
into the organization of university education in 
Dundee. Its terms of reference are: ‘To inquire 
into the organization of university education in 
Dundee and its relationship with St. Andrews 
University, and to recommend what changes, if any, 
should be made in the constitution, functions, and 
powers of the University of St. Andrews, of University 
College, Dundee, or of any other body or institution 
concerned”. The Commission consists of Lord 
Tedder (chairman), Lord Greenhill, Sir David Lindsay 
Keir, Prof. Dugald Baird, Mr. David Emrys Evans, 
Mrs. Isabel Finlayson, Prof. H. W. Melville, Mr. J. 8. 
Muirhead and Mr. Andrew Robertson. The secretary 
of the commission is Mr. N. J. P. Hutchison, of the 
Scottish Home Department ; communications should 
be addressed to him at the office of the Royal Com- 
mission, 12 Carlton Terrace, Edinburgh, 7. 


Royal Geographical Society : Awards 
Tue King has approved the following awards of 
the Royal Medals of the Royal Geographical Society : 
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Founder’s Medal to Dr. V. E. Fuchs, principal scien- 
tific officer, Falkland Islands Dependencies Survey 
scientific bureau, Colonial Office, for his contributions 
to Antarctic exploration and research as leader of the 
Survey, 1948-50; Patron’s Medal to Dr. Donald 
Thomson, research fellow, University of Melbourne, 
for geographical exploration and studies in Arnhem 
Land. 

The Council has made the following awards: 
Victoria Medal to Dr. C. A. Cotton, professor of 
geology, Victoria University College, New Zealand, 
for his contributions to the geomorphology of New 
Zealand; Murchison Grant to Dr. George Salt, 
Fellow of King’s College, Cambridge, for geographical 
studies of the Shira Plateau of Kilimanjaro; Back 
Grant to Mr. J. N. Jennings, lecturer in geography, 
University College, Leicester, for his work on the 
origins of the Broads; Cuthbert Peak Grant to Mr. 
W. B. Harland, lecturer in geology, University of 
Cambridge, for surveys and mapping in central West 
Spitsbergen; Gill Memorial to Dr. W. R. Mead, 
lecturer in geography, University College, London, 
for geographical research in Finland. 


Institution of Mining and Metallurgy : Awards 


THE Institution of Mining and Metallurgy has 
announced the following awards: Honorary Member- 
ship of the Institution: Sir Henry Tizard, in recog- 
nition of his outstanding services to science, industry 
and education; and Sir Andrew Bryan, H.M. chief 
inspector of mines, in recognition of his distinguished 
services to the mining industry of the United 
Kingdom. Consolidated Gold Fields of South 
Africa, Limited, Gold Medal for 1950, jointly to 
J. P. Norrie and W. T. Pettijohn for their paper on 
“An Outline of Underground Operations at Mufulira 
Copper Mines, Ltd.” (T'rans., 59). Consolidated Gold 
Fields of South Africa, Limited, Premium (forty 
guineas) for 1950, jointly to H. L. Talbot and 
H. N. Hepker for their paper on “Investigations 
on the Production of Electrolytic Cobalt from a 
Copper—Cobalt Flotation Concentrate” (T'rans., 59). 
William Frecheville Students’ Prize to G. J. Mortimer 
for his paper on “Grade Control” (Trans., 59). 


lron and Steel Institute : Medals and Prizes 


Tae following Medals and Prizes of the Iron and 
Steel Institute have recently been awarded : Bessemer 
Medal for 1951 to Benjamin Fairless, president of the 
United States Steel Corporation, in recognition of his 
distinguished services to the iron and steel industry ; 
Sir Robert Hadfield Medal for 1951 to William Barr 
for his contributions to research in steelmaking ; 
Andrew Carnegie Silver Medal for 1950 to A. B. 
Winterbottom for his report on “Optical Studies of 
the Oxidation of Iron at Temperatures in the Range 
20-265° C.”’; Williams Prize for 1950 jointly to T. H. 
Harris and W. H. Everard for their paper on ‘““The Use 
of the Oxygen Lance in British Electric Furnace Prac- 
tice’ (their co-author, D. J. O. Brandt, is not eligible 
to participate in the Prize); Ablett Prize for 1950 
jointly to D. A. Wise and Dr. L. N. Bramley, for 
their paper on “Proposed Method of Specifying Travel- 
Motion Performance for Steelworks Overhead Cranes”. 


Royal Institution: Officers 

At the anniversary meeting of the members of the 
Royal Institution, held on May 1, the following 
officers were elected: President, Lord Brabazon of 
Tara; Secretary, Prof. A. O. Rankine; Treasurer, 
Dr. R. E. Slade; Managers, Dr. P. Dunsheath, Sir 
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Alfred Egerton, Sir William Halcrow, Mr. O. W. 
Humphreys, Capt. H. L. Hitchins, Dr. R. Lessing, 
Dr. D. C. Martin, Prof. L. C. Martin, Sir Thomas 
Merton, Mr. A. J. Philpot, Mr. J. W. Ryde, Sir John 
Simonsen, Mr. Frank Wakeham, Dr. O. H. Wans- 
brough-Jones and Mr. G. A. Whipple; Visitors, Sir 
Wallace Akers, Mr. F. G. Brown, Sir Ernest Rock 
Carling, Mr. A. D. R. Caroe, Mr. K. S. Carpmael, Mr. 
J. F. Coales, Dr. A. T. Fraser, Prof. Kathleen Lons- 
dale, Mr. Stanley Robson, Mr. W. E. Schall, Dr. L. 
Simons, Dr. P. C. Spensley, Dr. Norman Stuart, Mr. 
M. T. Tudsbery and Dr. 8. Whitehead. 


Third World Petroleum Congress 


Tue Third World Petroleum Congress will be held 
during May 28—June 6 in the Kurhaus and the Palace 
Hotel, Scheveningen, Netherlands (with the opening 
ceremony in the Ridderzaal, The Hague), under the 
presidency of Jonkheer O. C. A. van Lidth de Jeude, 
president of the Royal Netherlands Institution of 
Engineers. The aim of the Congress is the discussion 
of all technical subjects concerning the petroleum and 
allied industries, and to this end it will be divided 
into the following sections: (1) geology and geo- 
physics; (2) drilling and production; (3) physical 
operations in oil processing ; (4) oil processes involv- 
ing chemical conversions ; (5) production of chemicals 
from petroleum, and their properties and applica- 
tions; (6) measurement and control, analysis and 
testing, and composition of petroleum ; (7) utilization 
of oil products ; (8) construction of equipment, and 
materials and corrosion ; (9) transport, storage and 
distribution ; (10) economics and statistics, docu- 
mentation, and education and training. At these 
sectional meetings neither papers nor summaries will 
be read, but instead a rapporteur will give a general 
introduction of 10-15 minutes in duration, with 
particular emphasis on points in the papers which 
will be suitable for discussion. Interpreters will be 
available for English-speaking and French-speaking 
delegates. Further details can be obtained from 
the secretariat of the Congress at 30 Carel van 
Bylandtlaan, The Hague. 


Conference on Spectroscopy 


A CONFERENCE on spectroscopy will be held at 
Basle, Switzerland, during June 28-30. It will be 
divided into two main sections: the first, presided 
over by Prof. E. Miescher, of Basle, will be on the 
‘Experimental Study of Atomic and Molecular 
Spectra’; and the second, under Prof. R. Mecke, of 
Freiburg, on “Spectroscopy and Cheraical Binding”. 
This conference is privately sponsored, but all 
spectroscopists and others interested in this field 
are invited to participate; already a very wide 
attendance from all parts of the world, including 
Great Britain and the United States, is assured. 
Those wishing to read papers should communicate 
as soon as possible with one of the following: J. 
Lecomte (Paris), Prof. R. Mecke (Freiburg i. Br.), 
Prof. R. Miescher (Basle), G. Milazzo (Rome) or Dr. 
H. W. Thompson (Oxford), from whom further 
particulars can be obtained. 


Chemistry in the Service of Man 

In connexion with the Festival of Britain, to 
emphasize the outstanding part played by chemists 
in the cultural, industrial and economic advances of 
the past century, the Chemical Couneil has organized 
four public lectures on “Chemistry in the Service 
of Man”. The lectures will be given by Prof. R. P. 
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Linstead, on “Chemistry and the Amenities of Life” 
(May 16, 3 p.m.); Sir Jack Drummond, on “Chem. 
istry and the Food We Eat” (May 23, 3 p.m); 
Prof. J. W. Cook, on “Chemistry and the Conquest 
of Disease’’ (May 30, 6 p.m.); Sir Cyril Hinshelwood, 
on “Chemistry and Modern Thought” (June 6, 6 p.m.), 
The lectures will be delivered in the Royal Institu. 
tion, Albemarle Street, London, W.1. Admissio: is 
free, by tickets obtainable from: Ticket Secretary 
(Lectures), Chemical Council, 9-10 Savile Row. 
London, W.1. 


History of Pharmacy 
An exhibition on “The History of Pharmac) 

organized by the Wellcome Research Institution, 
was opened by Sir Howard Florey, professor of 
pathology in the University of Oxford, on May 8 
at the Institution’s headquarters, 183-193 Euston 
Road, London, N.W.1, and will remain open to the 
public until September 28 (Mondays to Fridays, 
10 a.m.—5 p.m.). The exhibition covers the whole 
field of the history of pharmacy from the earliest 
times to the beginnings of chemotherapy, and many 
rare books, prints and appliances are on show. The 
first two sections illustrate respectively the period 
from antiquity to classical times, and from the 
Middle Ages to the end of the seventeenth century. 
Succeeding sections deal with improvements in the 
manufacture of drugs; chemical discoveries of 
Priestley, Lavoisier and Dalton; development of 
organic chemistry; discovery of the alkaloids ; 
introduction of anzsthetics; and development of 
experimental pharmacology. A final section is con- 
cerned with modern practice. Also at the Wellcome 
Research Institution there is a special exhibition for 
members of the medical and allied professions only 
on “The Illustration of Medical Books’’, which will 
be open (at the same times) until May 28. At the 
Wellcome Historical Medical Museum, at 28 Portman 
Square, Oxford Street, London, W.1, two current 
exhibitions, which are open to the general public, 
illustrate ‘‘Medicine in 1850" and ‘‘Prehistoric Man 
in Health and Sickness’, and these are open until 
the end of May and June, respectively (Mondays to 
Saturdays, 10 a.m.—5 p.m.). 
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Announcements 

H.R.H. Tae Duxe or EptnsurcH has been 
admitted to the fellowship of the Royal Society. 

Tue degree of doctor of science honoris causa of 
the University of Oxford has been conferred on Prof. 
J. H. Oort, professor of astronomy and director of 
the Observatory, Leyden, who is Halley Lecturer at 
Oxford this year. 

Honorary degrees conferred on May 1 by the 
University of Nottingham included the following : 
D.Se.: Prof. L. Néel, professor of general physics in 
the University of Strasbourg; Sir Robert Robinson, 
Waynflete professor of chemistry in the University of 
Oxford ; Sir George Stapledon, recently director of 
the Grassland Improvement Station, Ministry of 
Agriculture and Fisheries. 

Tre Senatus Academicus of the University of 
Edinburgh, on the recommendation of the Faculty 
of Medicine, has awarded the Cameron Prize in 
Practical Therapeutics for 1951 to Prof. T. Reich- 
stein, professor of pharmaceutical chemistry, Univer- 
sity of Basle, and Prof. E. C. Kendall, professor of 
biochemistry, Mayo Foundation, University of Minne- 
sota, “jointly in recognition of their fundamental 
researches leading to the discovery of cortisone”. 
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COUNCIL FOR THE PROMOTION OF FIELD STUDIES 


2. MALHAM TARN FIELD CENTRE 


By P. F. HOLMES 
Warden 


AY ALHAM Tarn Field Centre is in fine wild 
l Pennine country at a height of 1,300 ft., on 
the limestone uplands of Craven at the head of Aire- 
dale. To the young student from the south of 
England it is often a revelation simply to see such 
an expanse of uncultivated and sparsely populated 
country, to see high fells and steep valleys, and in 
the words of Prof. W. H. Pearsall, “‘to see man as 
part of a biological system rather than as the lord of 
his surroundings’; but to geography students of 
any age it is an area full of interest. About eight 
geography weeks are run, in spring and autumn 
mainly, during whick study is made of the Great 
Scar limestone topography and karst phenomena, the 
underlying Palwozoics and the overlying Yoredale 
beds and Millstone grit, the Craven faults, glaciation, 
historical and present-day settlement and farming 
practice, soils and vegetation. These weeks are 
primarily for the ‘sixth form’, training college or 
independent student; university departments of 
geography usually send their own staff with students. 
Several university geological parties have studied at 
the Centre, and the Geological Association held its 
annual field meeting here in 1949. Courses in geology 
are now being conducted for the less advanced 
student. 

Malham Moor, including the Tarn and Bog, is 
listed as an area of outstanding scientific value, 


within the proposed Yorkshire Dales National Park, 
in the report of the Wild Life Conservation Special 
Committee (Cmd. 7122, 1947); while the area from 
Malham Cove to Gordale Scar has also been recom- 
mended as a Geological Conservation Area for its typical 
limestone scenery and pre-Namurian fault-scarp. 

The Tarn and 150 acres are leased by the Council 
for the Promotion of Field Studies from the National 
Trust, together with sporting rights over a further 
9,000 acres of moorlands. The whole of this region 
is treated as a conservation area, to which students 
have access at all seasons, so that long-term research 
projects can be undertaken without interference, but 
in which ‘vermin’ such as foxes and crows are con- 
trolled. The vegetation offers fine opportunities for 
studying the ecology of a wide range of natural 
habitats, and more than half the university parties 
visiting the Centre have been botanists. There is the 
rich calcicolous flora of the limestone grassland, 
screes and pavements; native ashwood on pave- 
ments within reach; the moorland flora of the acid 
peat which blankets the gritstone fells and some of 
the overlying glacial drift; rough pastures with 
bents, matgrass and rushes; acid bogs and alkaline 
marsh leading to fen carr; reed swamp and the 
aquatic vegetation of the Tarn. The effects on plant 
communities of differences in the underlying rocks 
and soils, of leaching and flushing, grazing, altitude 
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and climate can be clearly seen in this uncultivated 
area, which is also famous for its wealth of unusual 
species. 

A series of peat borings taken across the ‘moss’ at 
the west end of the Tarn have shown this to be a 
raised bog at the inflow end of the old tarn, with up 
to 18 ft. of peat lying on marl and lake-clay deposits. 
Above the marl, sedge or fen peat is succeeded by a 
well-marked layer of brushwood peat, mostly silver 
birch; this is followed by a great thickness of 
Sphagnum peat and finally a surface layer of 
Eriophorum—Calluna peat with slight amounts of 
Sphagnum. On the north side of the present inflow 
stream there has been extensive peat cutting, and 
the artificial raising of the level of the Tarn in 1791 
has caused much of this area to be flooded by alkaline 
water, producing a marsh vegetation leading to fen 
earr. It is hoped that pollen analysis will soon be 
undertaken both here and on the nearby blanket 
bogs of the fells. During 1950, several hundred 
students were introduced to the study of peat suc- 
cession with a borrowed peat borer, during the course 
of plant ecology studies. 

Malham Tarn itself is a shallow calcareous water 
of 153 acres which forms an excellent unit for fresh- 
water studies ; it has extensive beds of Potamogeton, 
Myriophyllum and Chara, and a shore-line ranging 
from exposed stones to sheltered sedge beds. It 
supports an abundant fauna of invertebrates and 
fish, with a total of species within the grasp of most 
students, so that time can be devoted to problems 
of population, distribution and food. Molluscs are 
abundant, and this is the highest recorded locality in 
Britain for some species such as Limneea stagnalis, 
while Hydrobia jenkinsi appears to have colonized 
the Tarn during 1949 or 1950, and its spread is being 
watched. Regular collections of plankton and water 
samples have been taken since the Centre opened in 
1948, and the annual changes are being studied by 
the staff of the Freshwater Biological Association at 
Windermere and at the Centre. The ecology of the 
Tarn, and comparison with the nearby Gordale Beck 
and acid peat pools, form a part of many of the 
biological weeks during the summer. 

The water is an attraction to many types of birds, 
ineluding large flocks of curlew which assemble near 
the shore from July to October, sometimes up to a 
thousand strong. Such inland flocking of the curlew 
seems to be unusual, but is a regular feature here. 
The planted woodlands around the Centre have an 
isolated population of birds on an otherwise rather 
treeless plateau, which makes it possible to have 
relatively complete censuses of selected species and 
to detect passage movements. But to the visiting 
ornithologist it is probably the breeding birds of the 
moorlands and streams which are the most inter- 
esting, such as golden plover, dunlin, grouse, ring 
ouzel, dipper, merlin and short-eared owl. 

At this height one is bound to be extremely con- 
scious of the weather, and the effects of climate on 
the distribution and activity of animals and plants is 
more pronounced than in lowland stations. The Centre 
has functioned for the past two years as an auxiliary 
meteorological station, the second highest in the 
British Isles, and by displaying the observations 
great interest is aroused in the study of the weather 
among visiting students. In 1950 the Royal Meteor- 
ological Society co-operated with the Council for the 
Promotion of Field Studies in running a pioneer 
meteorological course at Malham, and another is 
being held in September of this year. 
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In spite of the somewhat extreme climate on 
present-day standards, man has had a long and 
interesting history on these uplands of Malham 
Moor, and there are many visible remains of his 
dwellings or works still to be seen. Numerous flint 
implements of Mesolithic and Neolithic age are found, 
and there are abundant Iron Age hut circles and 
enclosures. During an archzological course conducted 
at the Centre by Dr. Arthur Raistrick in 1950, a 
Bronze Age barrow at Seaty Hill was excavated, 
with secondary Iron Age burials, and associated with 
one of the latter there was discovered a unique 
musical instrument made from part of a bone, 
similar to the modern recorder. It is possible to 
produce eight notes from this instrument, and a short 
recital on it was broadcast by the B.B.C. on 
February 9. Excavations were also made during 
the 1949 and 1950 courses of a site above the Tarn, 
which has proved to be a medieval farm building of 
the eleventh to thirteenth centuries. This yielded 
medieval pottery similar to that from the excavations 
at Almondbury, Huddersfield. In a nearby smaller 
building, a bronze disk and book trimmings were 
found in the lower parts, and these with the dimen. 
sions of the building indicate an earlier Anglian 
occupation of the sixth to eighth centuries, possibly 
@ priest’s ‘cell’. 


LOCATION AND DESTRUCTION 
OF LIPASE IN OATS 


By Dr. J. B. HUTCHINSON, H. F. MARTIN 


AND 


Dr. T. MORAN, C.B.E. 


Research Association of British Flour Millers, 
Cereals Research Station, St. Albans 


URING the past four years, in a survey of the 
quality of British oats, we have analysed more 
than a thousand samples. In the case of the oil 
content, this has been found to vary between 4-5 
and 11 per cent by weight of the dry matter of the 
kernel. The oil was extracted by petroleum ether 
and consists chiefly of unsaturated fats. In any one 
variety its value is represented by M + | per cent, 
but M varies from 10 per cent for Grey Winter and 
some of the Scotch Potato oat strains down to 
5-5 per cent for Reliance. 

In hand-shelled viable kernels or groats, 2-10 per 
cent of the oil is present as free fatty acids (calculated 
as oleic acid). In the normal storage of oats, for 
example, at 13 per cent moisture content and 4 
storage temperature up to 18° C., the free fatty acid 
content increases only very slowly; but if the grain 
is crushed or milled into meal, the production of free 
fatty acid within two or three days is quite appreci- 
able. Furthermore, this hydrolytic activity persists 
even if the normal oat oil is removed and replaced 
by other fats, for example, olive oil. Presumably the 
hydrolytic agent or catalyst is an enzyme of the 
lipase type, and, as would be expected, it is destroyed 
within a few minutes if the oat or meal is heated to 
a temperature of 90-100° C., provided their moisture 
content does not fall below about 12 per cent. This 
interplay of moisture content and temperature o! 
inactivation of lipase is shown in the accompanying 
table, which gives over a range of moisture contents 
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Moisture content of groats 
(per cent) Temperature 

6 120° © 
38 104° 

10 92° 

12 83° 

14 76° 

16 71° 

18 67° 

20 64° 


the temperatures required to inactivate 97-98 per 
cent of the lipase in one hour. 

In our method of measuring lipase activity, the 
sample of meal is first defatted and neutral fat and 
water are added to the powdery residue. The free 
fatty acid formed per gram of defatted moisture-free 
meal is measured at intervals at constant temperature. 
The resulting curve follows very approximately the 
relationship 


dy/dt = k,(kya — y), 


where y is the amount of fat hydrolysed in time ¢, 
a is the initial fat conéentration, k, a velocity con- 
stant and k, another constant less than unity. The 
tangent at the origin of the curve, that is, k,k,a, is 
taken as a measure of the lipase activity of the meal. 
Furthermore, by measuring the free fatty acid formed 
in a fixed period of time, it is possible to compare the 
keeping qualities of different samples of oatmeal. 
We have found a period of three days at 12 per cent 
moisture content and 37° C. to be convenient con- 
ditions. Suitability for biscuit and oatcake manu- 
facture can be satisfactorily assessed after 3 hr. 
incubation at 37° C. and 36 per cent moisture content. 

Broadly speaking, oats for human consumption are 
sold either as oatmeal or oatflakes. Usually, in the 
manufacture of both products the oats are first 
kilned to dry them and also to facilitate dehulling ; 
it may also impart a desirable flavour and aroma. 
During this kilning, the temperature of the oats 
frequently exceeds 90° C.; but by the time this 
temperature is reached the moisture content of the 
oats has fallen well below 12 per cent, so that the 
oats when cooled still show some 20-60 per cent of 
their original lipase activity. In the manufacture of 
oatflakes, the dehulled oats or groats are given 4 
further steam treatment which usually eliminates all 
lipase activity. Oatmeal, however, which does not 
receive this steam treatment, is frequently the subject 
of complaint because of the hydrolysis of its own fat 
during storage or that of the other fatty ingredients 
when it is used in biscuits, oatcakes, etc. 

Adequate steaming of oats is one method of 
destroying the lipase, and some oatmeal millers now 
include this treatment even in the manufacture of 
oatmeal. It is, however, not the perfect solution, 
because there is another form of fat spoilage in oat 
products—oxidative rancidity—and there is the 
possibility that in destroying lipase by heat this 
second type of rancidity may be encouraged. The 
danger is small in the normal distribution and sale 
of oatmeal, and is seldom encountered except in meal 
or flakes stored for abnormally long periods. Never- 
theless, it is desirable to explore other possible 
methods of inactivating lipase, and in attempting 
this it is useful, if not necessary, to know where the 
enzyme is located within the oat. 

Earlier work suggested that the esterases of grain 
are present either within the aleurone layer or in the 
outermost portion of the endosperm rather than in 
the embryo or scutellum portions of the germ. In 
the case of oats, this is in keeping with the fact that 
the lipase activity of the germ-half of the kernel is 
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slightly less than that of the distal half. However, 
removal of the outer pericarp of otherwise untreated 
groats by careful scraping down to the testa reduces 
their lipase activity by about 98 per cent; at the 
same time, the scrapings have a very high activity. 
Much of the small residual lipase activity in the 
abraded grain is associated with the inaccessible 
portion of the pericarp and vascular bundle inside 
the crease. Thus the bulk of the active lipase in oats 
lies within the pericarp, that is, above the testa and 
not in the aleurone layer. 

Dry scraping is an extremely tedious operation, but, 
if the groats are immersed in water for about two 
minutes, the adhesion between the pericarp and the 
underlying testa is so reduced as to permit the former 
and its contained lipase to be easily brushed off. 
Alternatively, if intact groats are immersed in acid 
at pH | at ordinary temperatures, about 96 per cent 
of the lipase is destroyed within thirty minutes. 
These groats are still capable of germination, and we 
have grown them on sand to a height of 15 cm. 
without observing any differences from the behaviour 
on germination of normal untreated groats. Similarly, 
groats with their pericarps removed by gentle wet 
brushing also germinate normally; furthermore, 
after seven days germination, their lipase activity— 
particularly marked in the shoots—exceeds that of 
the original unscraped groats. Apparently, therefore, 
lipase previously ‘bound’ is released or lipase is 
synthesized during germination. 

The several aspects of this work will be published 
in detail elsewhere. It has been carried out as part 
of a programme of research for the oatmeal millers 
of England and Scotland. 


PHYSICAL STUDIES OF NUCLEIC 
ACID 


Nucleic Acid: an Extensible Molecule ? 


HE negative birefringence and _ ultra-violet 

dichroism of streaming solutions and fibres of 
sodium thymonucleate'~* has been taken as indicating 
a long molecule with purine and pyrimidine rings 
roughly at right-angles to the length. Astbury‘ has 
observed by X-ray diffraction a 3-4-A. spacing along 
the length of the fibres, and has suggested that the 
nucleotides are flat and lie 3-4 A. apart. We have 
studied in more detail the properties of sodium 
thymonucleate fibres and have confirmed the above 
general conception, but have observed an unusual 
stretching phenomenon in the fibres which suggests 
that the long molecules may be extended into a 
second form. 

The main experimental facts may be summarized 
as follows. Fibres in air of 50 per cent humidity are 
partly crystalline with remarkably well-oriented 
crystallites. Birefringence, ultra-violet dichroism’ 
and most of the infra-red dichroism are all negative. 
The fibres have little elasticity, and, when a fibre 
of uniform diameter is stretched beyond the yield 
point, necks of approximately zero birefringence 
appear in the negative fibre. These necks have a 
uniform diameter about 20 per cent less than that 
of the negatively birefringent part of the fibre (see 
photograph). On further stretching, the shoulders at 
the ends of the necks move apart along the fibre. In 
addition to the increase in length of the necks due to 
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Fibres of sodium thymonucleate. 

(a) Shoulder at end of neck: (5) same between crossed nicols, with compensation, showing 
thicker portion of fibre negatively a and the thinner portion or neck positively 
irefringent 


x 1,000 


this process, the necks also lengthen by stretching 
and become positively birefringent (0-02). Such 
material is non-crystalline, non-dichroic in the ultra- 
violet, and most of the infra-red dichroism is positive. 
The fibre is roughly double its original length when 
the breaking point is reached. The positively bi- 
refringent fibre is stable at 50 per cent humidity but 
returns to the negative form, with complete dis- 
appearance of necks, when placed in a humid 
atmosphere, the length shrinking from about 1-5 to 
1. Probably the reversible part of the stretching is 
in roughly this ratio, and some irreversible stretching 
occurs after the phase change of the necking has 
taken place. Similar phase changes may be produced 
by rolling or stretching sheets of thymonucleate and 
fibres of thymus nucleoprotein. 

The fibres swell and shrink markedly when the 
humidity of the surrounding air is varied. In 
saturated water vapour the fibres are largely micro- 
crystalline ; but, on reducing the humidity to 50 per 
cent, a reversible change takes place, the greater part 
of the crystallinity disappears, length is reduced by 
approximately 30 per cent, cross-section is halved, 
and the birefringence per unit mass of nucleic acid 
and the ultra-violet dichroism are reduced. More 
complete dehydration is obtained by warming in air 
or in vacuo, when approximately 10 per cent shrinkage 
in diameter and length takes place, all crystallinity 
disappears, the infra-red dichroism is reduced, and 
the negative birefringence drops to 0-02, which is less 
than half that at 50 per cent humidity. The dried 
fibres are rapidly hydrated only if placed in an 
atmosphere of more than 50 per cent humidity. 

There is little change in X-ray spacing along the 
length of the fibre on drying, and, in view of the 
great length of the molecules, which is probably at 
least 1000 A., it would appear likely that most of the 
increase of length of the fibre on hydration is associ- 
ated with the change from the amorphous to the 
crystalline state, and is not due to water packing 
between crystallites. Presumably, on dehydration, 
the backbone of phosphate ester linkages in the 
molecule becomes crumpled and the purine and 
pyrimidine rings tilted; and, on hydration, the 
molecules pack regularly. together and become 
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extended in length with the purine 
and pyrimidine rings approxim. 
ately at right-angles to the length. 
It is also unlikely that the re. 
versible extension of the fibre 
on stretching is due to reversible 
slipping of molecules over one 
another, and it is difficult to 
avoid the conclusion that these 
molecules have been extended 
in length during the necking pro- 
cess. The optical observations 
show that the purine and pyrimid. 
ine rings have rotated during 
this process and lie on the average 
at about 45° to the length of the 
fibre. 

When one considers the general 
form of the nucleic acid struc. 
ture, a hypothesis which could 
explain these observations comes 
to mind. Nucleic acid consists 
broadly of large flat rings closely 
packed together**, each nucleo- 
tide being joined to the next 
by a single chain of bonds. 
Such a system might be deformed very easily, 
and the rings might slide over one another from 
one equilibrium position to another (correspond. 
ing to the discontinuous process of necking) while 
keeping their separation roughly constant. If 
the general direction of the phosphate backbone 
of the molecule is kept straight during this pro- 
cess, extension of the backbone-length in the ratio 
of 1 to 4/2 would mean tilting the rings from 90° to 
45° as observed. The extension could take place by 
rotations of the bonds in the backbone-chain relative 
to one another, the bond-angles being kept roughly 
constant. 

Whatever the precise mechanism of the necking 
process, its study may well cast light on the structure 
of nucleic acid. So far the X-ray diffraction picture 
of the positive phase shows only diffuse rings, but in 
the case of infra-red dichroism the change of 
orientation of the units in the molecule gives much 
extra information‘. 

We wish to thank Prof. R. Signer for sodium 
thymonucleate, Dr. K. A. Smith for nucleoprotein, 
and Prof. J. T. Randall and Dr. R. E. Franklin and 
colleagues for discussion. A fuller account of this 
work will be published later. We are indebted to the 
Chemistry Department of King’s College for the use 
of its X-ray equipment. 
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Evidence on the Structure of Deoxyribonucleic 
Acid from Measurements with Polarized 
Infra-Red Radiation 


THIS communication is a preliminary account of a 
study of the nucleic acids by means of infra-red 
radiation ; we shall discuss the extent to which our 
measurements support existing models of these 
polynucleotide structures. 

On the basis of X-ray diffraction patterns from 
oriented sodium deoxyribonucleate fibres, Astbury*~* 
has proposed a model in which the nucleotides, which 
he supposed to be nearly planar, are piled directly 
on each other in stiff columns, with their planes 
roughly perpendicular to the axis of the molecule. 
Meridian arcs corresponding to axial repeat distances 
of 3-34 and 27 A. were observed in the X-ray dif- 
fraction patterns, and presumed to correspond to the 
separation of nucleotides, and a repeat of pattern 
every eight or sixteen nucleotides. The larger repeat 
was associated with the tetranucleotide constitution 
favoured at that time. 

Since these ideas were put forward, little experi- 
mental support has been found for the tetranucleotide 
hypothesis, and recent X-ray studies of the ribose 
nucleosides by Furberg‘ have shown that in the 
crystal these nucleosides are not planar. The planes 
of the p-ribose and pyrimidine residues were found 
to be nearly normal. Furberg* supposes that this 
configuration is present in deoxyribose nucleic acid, 
and has proposed two modifications of Astbury’s 
structure. In one case the backbone of sugar rings 
and phosphate groups forms a spiral enclosing the 
bases ; in the other the backbone is a zigzag chain with 
the bases outermost. The infra-red dichroisms which 
we have observed in oriented films of sodium deoxy- 
ribonucleate can be interpreted in terms of a structure 
similar to that proposed by Furberg. 

A detailed discussion of the chemical methods 
employed in preparing the material, and the assign- 
ment of the infra-red absorptions, will be given in a 
later publication, but the main features will be sum- 
marized here. The material was obtained from calf 
thymus by a modified form of the techniques used 
by Mirsky and Pollister*, and Signer and Schwander’. 
Minced thymus gland was washed with citrate buffer 
(pH 6-8) containing a trace of thymol, and extracted 
with 0-14M sodium chloride. The residue was 
extracted with 1 M sodium chloride, and the resulting 
nucleoprotein solution deproteinized by the Sevag* 
technique. The sodium chloride was removed by 
dialysing against distilled water, and the sodium 
deoxyribonucleate stored in the frozen-dried state 
until required. 

Oriented samples were obtained by shearing viscous 
solutions on @ microscope slide treated so as to have 
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a non-polar surface. The films obtained by this 
method were extremely thin, and negatively bire- 
fringent with respect to the direction of shear. The 
infra-red measurements were made with a reflecting 
microscope, of numerical aperture 0-8, used in con- 
junction with a Grubb—Parsons infra-red spectro- 
meter®. By this method small areas c. 0-5 mm. x 
0-05 mm. were selected in which the film was of 
uniform thickness and showed high orientation. 

The spectra obtained are indicated in the diagram, 
in which the optical density is plotted against wave- 
number with the electric vector vibrating parallel, 
and perpendicular, to the direction of shear. The 
main features of the spectra are the regions of intense 
absorption around 3,300, 1,700 and 1,050 cm.-', all 
of which show a greater optical density with the 
electric vector vibrating perpendicular to the direction 
of shear (perpendicular dichroism). 

The bands at 3,335 and 3,210 cm.“' are most 
probably N—H stretching vibrations of the amino- 
and imino-groups of the purine and pyrimidine 
residues, whereas the bands at 1,660 and 1,700 cm.- 
are double-bond (C = O, C = N, C = C) vibrations 
of these ring systems. In both cases the transition 
moments associated with the vibrations will be in 
the plane of the ring. The perpendicular dichroism 
of these vibrations supports the approximate per- 
pendicularity of the planar bases to the chain-axis. 
Further confirmation of this is obtained from the 
ultra-violet dichroism’*"*, and the fact that the 
optical birefringence is negative. The high water 
content of these films probably accounts for the 
different dichroic ratios of these bands, since water 
absorbs intensely near 3,450 and 1,640 cm,-. 

The strong band at 1,087 cm." is believed to 
correspond to a C,—O—, vibration in the sugar 
residue, and the 1,052 cm.-! band to a C—O—P 
vibration”. The transition moment associated with 
the C,—O—, vibration is likely to be in the C,—C, 
direction, so that the perpendicular dichroism 
observed is consistent with Furberg’s model. Two 
P—O—C vibrations are to be expected, one corre- 
sponding to the nucleoside — phosphate ester linkage 
(P—O—C,), the other to the internucleotide ester 
linkage (P—O—C,). The relative intensities and 
directions of transition moment are not known; but 
if it is assumed that the intensities are equal, and the 
transition moments are in the direction P—C, and 
P—C,, the observed dichroism is of the correct 
character. 

The valence vibration of the phosphoryl (P = O) 
group is known to occur around 1,250 cm.~!}*)*, and 
it seems likely that the main component of the band 
observed at 1,235 cm.~' is associated with this 
vibration. By analogy with tho carbonyl group, 
lower frequencies are expected where hydrogen 
bonding occurs. The ab- 
sence of dichroism in- 
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band at c. 1,290 cm.~' could be assigned to this 
vibration, though this seems less probable. 

Recent observations by Wilkins et al. 
that a reversible change occurs in the structure of 
oriented films and fibres when they are stretched or 
rolled. These observations are supported by infra- 
red measurements, which show that the dichroisms 
of the 3,335, 3,210, 1,700, 1,660, 1,087, 1,052 and 
967 cm.~' bands are all reversed to parallel, whereas 
the dichroism of the 1,235 cm.-' band remains 
unchanged at a value of unity. 

The results obtained so far do not contradict the 
original Astbury model, but we have preferred to 
interpret our results in terms of Furberg’s modifica- 
tion, in view of his recent evidence on the stereo- 
chemistry of ribose nucleosides, and the steric 
distortions of the phosphate oxygens required in 
Astbury’s model*. The assignment of the per- 
pendicular band at 967 cm.-', which shows a marked 
reversal of dichroism on stretching, may throw new 
light on this question. ° 

We wish to thank Prof. J. T. Randall for his 
continued advice and encouragement in this investi- 
gation, and Drs. M. H. F. Wilkins and W. C. Price 
for helpful discussions. One of us (R. D. B. F.) 
wishes to acknowledge a Medical Research Council 
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EDUCATION AND PHYSICS 


ANNUAL CONFERENCE OF THE EDUCATION 
GROUP OF THE INSTITUTE OF PHYSICS 


HE second annual conference of the Education 
Group of the Institute of Physics was held 
during April 5-7 at the Institute’s house at 47 Bel- 
grave Square, London, S.W.1, with W. Somerville 
Vernon (City of Cardiff Technical College) as chair- 
man. In opening the conference, Prof. W. E. Curtis 
(president of the Institute) said that the membership 
of the Group is now about 250. The Institute has a 
wider interest in educational matters than a mere 
concern with the teaching of physics, and it welcomes 
teachers as members: Prof. Curtis recalled that 
teaching experience at an adequate level is now 
recognized by the Institute as fulfilling one of the 
conditions for corporate membership. 
Prof. F. A. Vick (vice-principal, University College 
of North Staffordshire), speaking on ““An Experiment 
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in University Education’’, described the curriculum 
which has been worked out at the University College 
of North Staffordshire for a residential course of four 
years duration, leading to the honours B.A. degree, 
This is planned to give a more general education 
than the conventional university courses, and to 
break down the narrowness of specialization. Students 
are not required to select their special subjects for 
honours until the second year, the first year being 
spent on a carefully planned common course which 
is compulsory for everyone and intended to broaden 
the outlook and also arouse interest in possible 
specialist subjects which may not have been dealt 
with at school. Intending teachers take an education 
course extending over the whole of their last three 
years, which counts as one of the subsidiary subjects 
required for their degree. 

The need for a broad general outlook in industrial 
research was one of the points mentioned by Dr. 
R. 8. Silver (director of research, Federated Foun- 
dries, Ltd., Glasgow) in a paper on “Industrial 
Metaphysics”. There are, he said, many matters 
beyond the accepted scope of physics with which 
an appropriate extension of the physicist’s educa- 
tion might help him to deal. The man engaged in 
industrial research cannot dispense with an advanced 
academic training, for he needs to appreciate that 
scientific work is more than a mere application of 
logic and that theory is not simply a question of 
mathematics. Sometimes, fruitful results may come 
from obviously wrong assumptions, which raises the 
question as to the meaning of ‘truth’ in research of 
this kind ; an idea which works can be taken as true 
for this purpose. But the worker must have had a 
training in rigid physical procedure, up to good 
honours degree level, before he can hope to know 
when it is permissible to take liberties. This specialist 
training should be broadened and fortified by more 
general studies, to encourage the attitude of mind 
which is prepared to explore several points of view 
and, when necessary, challenge accepted ideas. 

Discussion centred around the theme linking both 
these papers, namely, the general elucation appro- 
priate to the specialist. Dr. R. Firth (Birkbeck 
College, London) believed that this should come at 
as early a stage as possible, and spoke of the intro- 
ductory first year at Birkbeck; Prof. A. D. Ross 
(University of Western Australia) said that the idea 
of the common first-year course has been discussed in 
Australia, but one of the main considerations hinder- 
ing its adoption has been the difficulty of students 
dropping for a year a proposed special subject in 
which they may have specialized to a high level at 
school. Looking back on the discussion, one began 
to realize that the new General Certificate of Educa- 
tion may well provide in the schools just that 
preparation required for first-year university work 
as outlined by Prof. Vick. 

At the evening session, J. Trenaman (assistant 
further education officer, British Broadcasting Cor- 
poration) spoke on “‘Attempts to Assess the Under- 
standing of Broadcasts on Science”. He said that 
the rules for preparing an intelligible script are well 
known; but care in this matter is not the most 
important factor. Experiments with listeners in the 
Armed Services have shown that the chief contribution 
to the understanding of a broadcast is an interest 
in the subject-matter, however involved the actual 
presentation might be. Mr. Trenaman gave examples 
of studies of the comprehension and retention of 
scientific matter presented in different ways, from a 
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first-hand account of modern work by a distinguished 
man of science to a dramatized scene built around 
one simple fact. The former proved intelligible to a 
greater or less extent to only some ten per cent of the 
listeners, while sixty per cent retained some know- 
ledge of the latter. Attempts to correlate interest 
and understanding appear to show that interest 
increases with understanding up to a point; but it 
seems that the most enthusiastic listeners often 
understand the material relatively imperfectly. This 
result is perhaps not surprising when it is considered 
that an essential condition for learning by adults is 
that interest shall provide a stimulus by ranging 
ahead of understanding and creating a desire to 
master the material. 

The morning session on April 6 dealt with the topic 
of M.K.S. units. G. R. Noakes (Uppingham School) 
gave a brief history of the movement towards the 
adoption of the M.K.S. system in electrical teaching, 
and said that the real point which may dispose 
schoc: teachers towards its use is the opportunity 
that it offers for approaching the subject of electro- 
magnetism at an elementary level in a new and 
perhaps more attractive way. This new approach 
was described in detail by Dr. J. Goodier (Lancing 
College), who spoke of his experience in developing 
a school course in electricity and magnetism based 
on the rationalized M.K.S. system. He said that, 
while the real starting point is the choice of the 
ampere, as defined by the International Electro- 
technical Commission, for a fourth fundamental unit 
it might be well to compromise at the earliest stage 
by starting with the coulomb as defined electro- 
lytically. Having measured magnetic flux density in 
volt-seconds, and defined magnetic field-strength in 
amperes per metre, direct measurement of the 
permeability of space, or rather the ratio of B to H 
for an air-cored solenoid, can be carried out. Simi- 
larly, direct measurement of the capacitance of a 
parallel-plate air condenser gives the permittivity of 
space to a reasonable degree of accuracy, so that 
the figures appearing in formule are those of measure- 
ments and not arbitrarily chosen values. At a more 
advanced stage, the derivation of practical standards 
in terms of the ampere, using a current balance, can 
be explained, and Dr. Goodier showed a simplified 
current balance made for this purpose. He concluded 
with @ warning against giving the student the 
impression that the form of a physical expression 
depends in any way on the system of units chosen, 
and pleaded for care in writing down formule in 
such @ way that they are dimensionally correct. 

A number of interesting questions arose for dis- 
cussion—as to whether much would be lost by 
abandoning the historical approach via magnetism, 
whether experiments in magnetostatics are them- 
selves worth retaining for the experimental skill they 
might develop, and whether there is an optimum 
stage in the student’s career at which the question 
of units might profitably be explained fully. Mr. 
F. A. Meier (Institute of Education, University of 
London) welcomed the new approach with enthu- 
siasm, and regretted that it had not arisen during 
his own teaching days. Other speakers mentioned 
the difficulties of changing teaching methods already 
established, and the problem that may arise when 
students have to be prepared in the same class for 
a number of different external examinations. 

An evening lecture, open to the public, was given 
in the Fyvie Hall of the Polytechnic, Regent Street, 
London, W.1, by Prof. A. M. Tyndall (emeritus 
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professor of physics, University of Bristol), with the 
title “Atomic Particles—a Survey of Recent Dis- 
coveries”. Prof. Tyndall described the work of Prof. 
C. F. Powell’s team at Bristol, using the photo- 
graphic plate technique, and gave an account of the 
discoveries made by this method. He described, and 
indeed conveyed in no small measure, to the audience 
the atmosphere of enthusiasm in which the work is 
carried on, and the delight with which he had 
watched the results appearing. This most inspiring 
lecture, forming as it did a kind of centre-piece to 
the conference, was received with great appreciation. 

The final session, on the morning of April 7, was 
spent in considering the teaching of the history of 
science, a matter which had been referred to in many 
of the previous papers. Dr. F. Sherwood Taylor 
(director of the Science Museum, London) spoke on 
“Some Difficulties in the Historical- Method of 
Teaching Science, as exemplified by the History of 
the Thermometer’. Quoting Dr. Charles Singer, 
Dr. Taylor said that the history of science itself is 
indeed a difficult study, probably more appropriate 
at postgraduate level than at school. A further 
difficulty confronts the teacher, since students are 
on the whole anxious to learn how things work and 
to apply this knowledge, rather than to think very 
much about origins. Again, it is difficult for anyone 
at the present day to understand the ways of thought 
of ovr ancestors without a deep acquaintance with 
their ways of life. Broader syllabuses are desirab!e ; 
but it might be well for the historical aspects of 
science to be taught by a historian with a scientific 
background. Dr. Taylor then examined in detail the 
legend crediting Galileo with making the first 
thermometer, and showed that, while several devices 
similar to that of Galileo were made at various earlier 
dates, there was much uncertainty as to what they 
were meant to do, and why they did it. It seems, 
then, that by going beneath the surface of the legend 
and aiming at historical accuracy, one reaches a 
position at which the purely scientific interest is 
reduced, though valuable work can be done in 
emphasizing the difficulties that faced the pioneers. 
In the discussion, many teachers spoke of their own 
experiences in dealing with the historical aspects, 
and the difficulties encountered. Several people of 
mature experience admitted that it was only 
relatively late in their own teaching careers that 
they had been attracted by the historical develop. 
ment of their subject. 

S. R. Humby (Winchester College) read a 
paper asking “Will School Studies of the History of 
Science produce a Scientific Outlook ?”. He said 
that time allowance andthe limitation of the pupils’ 
previous scientific background both suggest that the 
best way of treating the history of science is by the 
anecdotal method. It might be possible to deal with 
the development of individual topics in the last year 
of a Grammar School course, when the pupil’s own 
laboratory experience has fitted him to appreciate 
some of the problems of the scientific worker. General 
discussion classes, aimed at encouraging a scientific 
outlook, would draw largely for their material from 
historical sources. Mr. Humby believed that such 
discussions might, indeed, achieve their aims, if they 
are preceded by experimental work and conducted by 
a teacher who is himself alive to their importance. 
Mr. Meier said that one of the lessons to be learned 
from the past is that the ideas as well as the methods 
of science are continually changing, and that science 
is a living and growing subject. Prof. Ross men- 
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tioned that it might be well that our pupils should 
learn of the distinguished parts played by British 
men of science in exploring new fields, and also 
advocated bringing in historical matter at all stages 
of the course; he said that he is against anything 
that savoured of dividing up the subject into water- 
tight compartments. He agreed that the formal 
study of the history of science at postgraduate level 
would be of great value to the intending teacher 
himself. G. R. NOaKEs 


FOREST GENETICS 


OREST genetics research is of comparatively 

recent origin in Great Britain, and the presence 
of two distinguished Continental workers at the 
British Association meeting at Birmingham did much 
to stimulate a lively interest in a meeting of Section 
K* to discuss this subject. Dr. Syrach Larsen, director 
of the Horsholm Arboretum, Denmark, who is the 
pioneer European worker, described his method of 
tree breeding in general terms. Dr. Bertil Lindquist, 
director of the Botanical Gardens, Gothenburg, 
Sweden, dealt with the improvement of birch in 


Sweden, and a short description of the work in 
progress in Great Britain was given by J. D. 
Matthews. 


The object of tree breeding research is to provide 
the forester with seed capable of producing the 
highest yielding crop of well-formed and healthy 
timber trees on the sites which are available. Both 
the guest speakers paid considerable attention to 
their improvement work based upon the variation 
found in Nature, and Dr. Syrach Larsen’s description 
of his method of breeding based upon vegetative 
propagation is worthy of some discussion here. 

The process commences with the selection of a 
number of individuals possessing outstanding vigour 
and form of growth. These are brought together into 
one central place by means of vegetative propagation 
(grafting, budding, and the rooting of cuttings). The 
genotype is determined in ‘tree displays’ in which 
several clones are planted in widely spaced lines. As 
the clones develop, the inherent shape and vigour of 
the selected trees become evident, and observations 
on date of flushing, flowering and leaf-fall, resistance 
to insect attack and disease Gan be made. The 
breeding qualities of the selected trees are next 
determined by means of controlled self- and cross- 
pollinations also made in the tree displays, and 
individuals of high combining ability may become 
evident at this stage. The subsequent progeny trials 
are followed for five years in great detail, and must 
be kept for reference for at least twenty years. 
Finally, special seed orchards are formed from those 
individuals which possess the desired characteristics. 

These seed orchards are managed along the same 
lines as the modern fruit orchard, and selected root- 
stocks are used for establishing clones of the tested 
(élite) individuals in areas where the species under 
study is absent or rare, thus reducing the incidence 
of foreign pollination from trees of the same species. 
There is also the ripening of the seed to be considered, 
and specially favourable areas for seed production 
are selected as sites for these seed orchards. 

Dr. Larsen pointed out that although the improve- 
ment of forest trees is apparently hampered by the 
slow succession of generations, in fact the long life- 
span of the parent tree has proved to be a great 
advantage. A good breeding parent can be preserved 
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as a seed producer for at least seventy years, and 
every improvement gained is available for a con. 
siderable period as a stepping stone for further work, 
Tree breeding also differs from agricultural bree ding 
in that genetic uniformity is not so important in a 
tree crop as in an agricultural crop. More than nine ty 
per cent of the population must be removed jy 
thinnings during the development of the stand, and 
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this gives opportunities for a continuous selection of 


improvement during the life of the crop. 

Dr. Lindquist has worked for some years in Sweden in 
collaboration with Mr. Holger Jensen, a private owner, 
He described a seed orchard of Beiula verrucosa sited in 
southern Sweden which contains ninety grafts cach 
of nine élite trees spaced at approximately twelve 
feet apart. The first crops of seed have been obtained. 
The selection of the parent trees was based upon the 
study of the variation in the Scandinavian Betula 
verrucosa Ehrh., and Dr. Lindquist’s account of this 
work proved of interest to the meeting as an example 
of the methods used by tree breeders. 

Two main varieties of Betula verrucosa are recog. 
nized by Dr. Lindquist, the variety saratilis Lindq., 
which is found throughout Central Europe and in 
the central and southern U.S.S.R., and the varicty 
lapponica Lindq., which occurs in northern Europe. 
Timber quality within the latter variety has been 
correlated to some extent with the external appear 
ance of the bark. Trees with smooth white bark 
generally yield a smooth mild timber with straight 
elastic fibres—a combination found suitable in the 
turnery industry. Individuals are found in southern 
Sweden which possess a rough, heavily fissured bark 
with hard timber and fibres not so straight or so 
elastic. This type of wood is used for furniture. 
Other types have been differentiated on the basis 
of figured grain, and these include the curly birch, 
the flamy birch, the ice birch and the brown 
curly birch, all identifiable by bark characteristics. 
Within these groups the individuals selected for 
inclusion in the seed orchards must have made very 
strong growth throughout their lives and must 
possess good form of growth. A number are chosen 
from within a specified provenance zone, there being 
& separate seed orchard for each zone. 

The progress of work in Great Britain was described 
towards the end of the meeting and emphasis was 
laid upon the importance of the survey, now in 
progress, of the potential seed-producing population 
of the species chosen for study. The species being 
studied in Great Britain are beech, oak and ash, Scots 
pine, Corsican pine, Sitka spruce and the larches, 
and a number of seed sources have been located for 
each of these species. The selection of individuals 
from which seed orchards are to be formed is being 
made concurrently with the above survey, and some 
examples of the type of trees being selected were 
displayed to the audience. 

In the discussion which followed the three papers 
it was emphasized that, if speedy progress towards 
the improved growing stock desired is to be made 
in Great Britain, the idea of the value of genetics 
in day-to-day forest practice must be repeatedly 
emphasized. It is perhaps one of Dr. Larsen’s 
greatest achievements that he has obtained the 
goodwill of practising foresters in Denmark, who are 
now firmly convinced of the importance of the 
inherent qualities of trees, and who will take great 
trouble in the selection of seed parents for their 
future forest crops. Much can be done in a similar 
manner in Britain. J. D. MatrHEews 
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THE 800-kV. NEUTRON GENER- 
ATOR OF THE UNIVERSITY OF 
ISTANBUL 


By Pror. FAHIR E. YENICAY 


General Physics Department, University of Istanbul 


pe nuclear research purposes, a Philips neutron 

generator of 800/650 kV. was installed in October 
last in the General Physics Department of the 
University of Istanbul. The high-tension equipment 
had been delivered in May 1949; a general view of 
the installation is given in the accompanying illustra- 
tion. The platform on which the acceleration tube, 
the oil-immersed measuring resistance (1,684 MQ) 
and the two columns supporting the top stand is 
carried on steel girders .resting on concrete walls, 


and the working room is to be seen under the 
platform. 
The high-tension generator presents some last 


improvements'. The valves are heated by the inter- 
position of small transformers fed by high-frequency 


current (250 ke./sec.). The oscillator is of the type 


7 B.2-5/300 with variable condenser and variable 
grid resistance. The smal] autotransformers have 
cores of ‘Ferroxcube’, consisting of two H-shaped 
massive pieces. The current in the secondary is 3-5 
amp. The small differences between the average 
currertt and the heating current of the valves are 
regulated by changing the connexions on the primary 
winding. The apparatus provides target currents of 
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~ 170 pamp. (protons or deuterons) at a voltage of 
650 kV. 

In order to have an idea of the neutron (Be + D) 
intensity, we compared the activity of a narrow silver 
ribbon (0-05 mm. thick) irradiated by the slow 
neutrons (paraffin) of the apparatus (600 kV. ; 
~ 130 vamp.) and the activity of the same silver 
ribbon irradiated under the same conditions with the 
neutrons of a radium—beryllium source (80 mC.). We 
find that the (Be + D) source is equivalent roughly 
to 5 gm. of (Ra + Be). 

I should like to express my thanks to Messrs. 
Philips for their care and for material generosity 
during the installation. 

* Douma, Tj., and Brekoo, H. P. J., Revue Technique Philips, 11, 12% 
(1949). 


SKULL OF THE FETAL 
NARWHAL 


RECENTLY published account, by Dr. Nellie B 

Eales, of two foetal narwhal skulls* should 
appeal alike to the embryologist and general student 
of the Cetacea. A detailed description is 
given of the chondrocranium, osteocranium 
and teeth of a smaller (137 mm.) specimen, 
supplemented by a briefer survey of the 
skull of a larger (150 mm.) specimen. 
Although little different in size, the larger 
specimen showed considerable advance in 
development compared with the smaller, 
evinced by an elongation of the skull, a dor 
sal movement of the blow-hole position, 
doming of the cranium and a spreading 
of the membrane bones. 

Figures of wax-plate reconstructions of 
the membranous labyrinth bring out most 
clearly the enormous relative size of the 
cochlea and, by implication, its importance 
to animals the environmental impressions 
of which must for the most part be audi- 
tory. 

The discovery of hair germs in the 
foetus of a species so long and often quoted 
as lacking this feature is noteworthy ; so 
also is the fact that, including the tusk on 
the left side (which in the male may grow 
to a length of some eight feet) and its 
reduced fellow in the right maxilla, the 
foetus shows evidence of the presence of 
six teeth on each side of the upper jaw 
and two on each side of the lower jaw. 

In her comparison of the narwhal foetuses 
with those of other cetaceans and with 
other orders of mammals, the author 
is careful not to come to premature 
conclusions about affinities on the limited 
material so far available, but uses her 
findings in the inter-parietal region to 
question the view of Slepzov that reptilian 
features persist in the developing odontocete skull. 
Very recent and independently pursued serological 
and histological researches suggest that the affinities 
of the Cetacea are rather with the Artiodactyla and 
to this extent justify Dr. Eales’s objection to 
Slepzov’s theory. F. C. FRASER 

* The Skull of the Fretal Narwhal, Monodon monoceros L. By Dr. 
Nellie B. Eales. Phil. Trans. Roy. Soc., B, 285. No. 621, pp. 1-33. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Internal Rotation of Methyl Groups in 
Cadmium Dimethy! 


In view of current interest in the problem of free 
or restricted internal rotation in molecules, we may 
mention briefly some results which indicate free 
rotation of methyl groups about the Cd—C bond in 
cadmium dimethyl. We have already described' 
measurements on the rotational fine structure of some 
vibrational bands of zine dimethyl and mercury 
dimethyl, which provided strong evidence for such 
free internal rotation in these molecules. The infra- 
red absorption spectrum of cadmium dimethyl has 
now been measured with greater resolving power 
than that previously used by Gutowsky’, particularly 
in the region of 3 pu. 

Our results agree substantially with those of 
Gutowsky, although we have not observed some 
weak bands found by him, and the contour of some 
bands suggests a different frequency assignment. 
There is a parallel-type band at 2,925 cm.“ with 
spacing of P—R branch maxima close to 17 cm.~, 
which agrees with that to be expected from the 
rough value of the moments of inertia. The most 
important feature is a perpendicular-type band 
centred around 2,980 cm.-' with clearly separated Q 
branches, roughly 10 cm.-' apart, each third line 
being stronger than its neighbours. As pointed out 
in the earlier paper, the separation of Q branches in 
the same species of band with ethane is about 5 cm.-', 
and the greater separation found here, which agrees 
with that reported for zinc dimethyl and mercury 
dimethyl, cannot be explained satisfactorily by 
Coriolis interaction. It falls into line exactly with the 
spacing expected if there is free internal rotation. 

Full details of this band and the whole spectrum 
will be described later elsewhere. 

D. R. J. Boyp 
R. L. WiLraMs 
H. W. THompson 
St. John’s College, 
Oxford. 
Jan. 26. 
* Trans. Farad. Soc., Cambridge Discussion, 1950. 
*J. Amer. Chem. Soe., 71, 3194 (1949). 


Evaporation and Mobility of Naphthalene 
Molecules 


In a recent communication’ under this title, V. J. 
Claneey has given a short account of a beautiful 
experiment on this subject. Among his very interest- 
ing results he gives a provisional value for the mean 
displacement z; of adsorbed molecules of the 
order of a few millimetres. Having been connected 
with these problems, during the development of a 
theory of crystal growth from the vapour, in collab- 
oration with W. K. Burton and F. C. Frank’, his 
value seems to me too high for ordinary tempera- 
tures. The purpose of the present communication is 
to show that much smaller values of 7; can be deduced 
indirectly from Dr. Clancey’s results. 

The experimental arrangement is as follows. A 
spot of solid naphthalene was placed on a surface 
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(mica, glass, etc.) and covered by a thin glass hemi. 
sphere, leaving a small aperture between the two. 
Adsorbed molecules will then escape from the 
hemisphere and travel for an average distance ,r, 
prior to evaporation into the vacuum. Two such 
assemblies were mounted, facing opposite directions, 
at the sides of an axis of suspension, to produce a 
torque when evaporation took place. 

The concentration N of adsorbed molecules out- 
side the hemisphere must satisfy the equation 


zs*° V3N = N, 1) 
where 2s, the mean displacement, is given by 
v3 = Ds ts, 2) 


Ds; being the diffusion coefficient and ts the mean 
life of the adsorbed molecules. The boundary 
conditions at the edge of the hemisphere become 
N = NN, if the edge is open and N = 0 otherwise. 
We suppose the aperture to cover an angle 26 on 
the side opposite to that facing the axis of suspension. 
The torque 7 produced by the corresponding distribu 
tion is readily calculated, and the result is 
T = To {(K,/Ke) 9 + (e/X) (K,/K,) sin 6}, (3) 
To = 
In these expressions K, are Bessel functions going 
exponentially to zero for r— o ; the argument is always 
e/2s, where p is the radius of the hemisphere. X is 
the distance from the centre of the hemisphere to 
the axis of suspension. The factor « in (4) is a com. 
plicated one, depending on the actual law of inter. 
action and the mechanism of energy transfer between 
the surface and the adsorbed molecules* ; in simple 
cases it should not be very different from unity. 

We think it a good approximation to suppose 
/zs> 1 (otherwise the calculations would have to 
be more complicated) ; then (3) becomes, neglecting 
(zs/p)?, 

T = T, {8 + (p/X) sin 6 + $ (2/0) 
[6 + 3 (o/X) sin 8] }. 5 


It is therefore clear that a value of x; could be deduced, 
at least in principle, from the variation of 7 //', as a 
function of 6, as it was originally intended by Dr. 
Clancey. Unfortunately, 7s/p is so small, in our 
opinion, that the second term in (5) cannot be used 
for this purpose. 

Nevertheless, it seems to me possible to deduce 
interesting information from the absolute value (4) 
of 7,. Let us assume that the adsorption energy is 
small and the temperature not too low, so that the 
concentration N, of adsorbed molecules inside tlie 
hemisphere is small. Then this concentration, in 
equilibrium with the vapour pressure p of naphtha- 
lene, will be given by Ng = pts(2xmkT)-*"*, and (4) 
will become 


a (2xmkT)'!* cs"? NorspX. 4) 


(6) 


T's = a(p.X )(p2rs), 


where all the factors are known except 2; (if we 
accept « ~ 1). 

When the surface can be considered as a more or 
less perfect crystal surface, we can write for 7; 


as ~ aexp {} (A — U)/kT}, (7 
where A is the adsorption energy and U the activation 
energy necessary for the displacement of an adsorbed 
molecule from an equilibrium position to the next, 
distant a from each other. Then the exponential 
factor in (6) will be exp (—E/k7) with 
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4 (A — U), (8) 


where W is the evaporation energy for naphthalene. 
From the known value W = 18-2 k.cal.‘, and those 
obtained by Clancey for £, one obtains values for 

— U)/2 going from 5 to 2 k.cal., which are of 
the order one would expect. The corresponding 
values of 2s; at room temperature, from (7), range 
from 10~* to 10-* em., again as we should expect. 
It should also be noticed that the factor outside the 
exponential in (6) will be essentially determined by 
that corresponding to p, and therefore will be practic- 
ally independent of the substrate, as is observed by 
Clancey. 

N. CABRERA 
Bureau International des Poids et Mesures, 
Pavillon de Breteuil, 
Sévres (S.-and-O.), France. 
Nov. 30. 

Clancey, V. J., Nature, 166, 275 (1950). 
* Burton, W. K., Cabrera, N.., and Frank, F. C., Pail. Trans. (in the 

press). 
* Lennard-Jones, J. E., and Devonshire, A., Proc. Roy. Soc., A, 156, 

6, 29 (1936). 
* Andrews, M. R., J. Pays. Chem., 30, 1947 (1927). 


Dipole Moment and lonic Character 


OnE well-known application of the concept of 
ionie-covalent resonance is in the field of dipole 
moments, where it has been used, in a simple way, 
to correlate the observed dipole moments of bonds 
with differences in electronegativity'. However, 
recent work, notably that of Mulliken’, Coulson’, and 
Robinson‘, has cast doubt upon the validity of some 
of the assumptions made in this treatment®. One of 
these assumptions is that the dipole gmoment of a 
pure covalent bond is approximately zero. 

Robinson‘ has calculated the dipole moment, pcov., 
of a pure covalent HCl bond using a Heitler-London 
type of wave function. He obtained a value of 

0-98 D, that is, the hydrogen atom negative, 
whereas the experimental value is + 1:10 D*. He 
found that the calculated value of ucoy, was extremely 
sensitive to sp hybridization of the chlorine orbital. 
A value of ucovy. = + 1-10 D is obtained with about 
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10 per cent s character. Robinson, therefore, points 
out that the observed dipole moment can be 
accounted for without invoking contributions by 
ionic structures, and concludes that ‘““‘Dipole moments 
do not give a good method for determining the ionic 
character of bonds”’. 

We have carried out the same type of calculation 
for hydrogen fluoride, using Robinson’s equations‘ 
and evaluating the appropriate integrals. Using a 
2p fluorine orbital (unhybridized), the following 
values for the dipole moment of a pure covalent 
HF bond were obtained: (a4) tev. = 0-40 D, 
with hydrogen-like functions and an_ effective 
nuclear charge of 4-84 for fluorine’, and (6) teov. = 

0-32 D using Slater functions. These values are 
not far from zero, and are much smaller in magnitude 
than the observed value of + 1-91 D °. 

Using hybridized orbitals with hydrogen-like wave- 
functions, the variation of ucoy. with percentage s char- 
acter has been calculated and is shown in the accom- 
panying diagram. While the curve shows the same 
general features as that obtained by Robinson for 
hydrogen chloride, there is a striking difference in 
that exp. for hydrogen fluoride is larger than the 
maximum value of ucoy.. namely, + 1-75 D, corre- 
sponding to 60 per cent s character. Thus the 
observed dipole moment cannot be explained solely 
in terms of hybridization. In this case, at least, it 
appears that ionic terms must be added to the wave 
function. Another point of interest is that, for 
both hydrogen fluoride and hydrogen chloride, 
approximately the same, small, amount of s character 
(~ 3 per cent) is required to give calculated values 
of the dipole moment of zero. 

E. WARHURST 
E. WHITTLE 
Chemistry Department, 
University, 
Manchester. 


Jan. 2. 


* Pauling, L., “The Nature of the Chemical Bond"’, chap. 2. (Cornell 
University Press, 1940). ‘ 

* Mulliken, R. S., J. Chem. Phys., 3, 573 (1935). 

* Coulson, C. A., Trans. Farad. Soc., 88, 433 (1942). 

* Robinson, D. Z., J. Chem. Pays., 17, 1022 (1949). 

*The present position has been critically reviewed in papers by 
Coulson and by Warhurst, presented at the Roya! Socicty 
Symposium on Bond Energies and Bond Lengths, held on 
March 9, 1950. 

* Rollefson, R., and Rollefson, A. N., Phys. Rev., 48, 779 (1935). 

’ Pauling, L., and Sherman, J., Z. Arist., 81, 1 (1932). 

* Smyth, C. P., and Hannay, N. B., J. Amer. Chem. Soc., 68, 171 
(1946). 


identification of N-2: 4-Dinitrophenylamino- 
Acids 


IDENTIFICATION of the free amino-groups of proteins 
by converting them into N-2: 4-dinitrophenyl de- 
rivatives was first introduced by Sanger’. Since 
then, several workers have evolved chromatographic 
methods for the separation of the dinitrophenyl 
amino-acids. 

The regeneration of the parent amino-acid from 
its dinitrephenyl derivative is desirable both to con- 
firm results from other methods and as a method in 
itself, since, as is well known; an excellent separation 
of free amino-acids can be achieved on paper using 
two solvents. Mills* attempted this by hydrolysing 
the dinitropheny! derivatives with saturated baryta 
in a sealed tube. This method is applicable to 
the relatively long-chain amino-acids; but in our 
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experience satisfactory results cannot be obtained in 
the case of amino-acids such as glycine, serine, 
threonine and aspartic acid. 

It has now been found that these short-chain 
amino-acids, as well as those with longer chains, can 
be very satisfactorily regenerated from their dinitro- 
pheny! derivatives by heating with ammonia (0-880) 
in a sealed ‘Pyrex’ tube for 2 hr. at 100°. The solu- 
tion is then evaporated to dryness and the residue 
dissolved in water and acidified with hydrochloric 
acid. After ether extraction, the concentrated solu- 
tion is applied to a paper chromatogram. 

It should be noted that dinitropheny! lysine is not 
extracted into ether and so will be revealed on the 
chromatogram if the reaction is not taken to 
completion. 

All the amino-acids gave single strong spots having 
the correct Rp values in the solvents used, with the 
exceptions of cystine, proline, tryptophan and 
arginine. In the case of cystine, decomposition 
occurred giving rise to several spots ; the proline and 
tryptophan spots, although strong and of correct 
Rp value, were accompanied by two weak spots 
travelling slowly in butanol. Dinitrophenyl arginine 
does not react under the above conditions. 

The technique has been used for investigating the 
terminal amino-groups of wool. The amino-acids 
revealed were the same as those obtained by Middle- 
brook® and Blackburn‘ with the addition of leucine. 

A. G. LowTHER 
Wool Industries Research Association, 
Torridon, Headingley, 
Leeds 


6. 
Dec. 27. 
' Biochem. J., 39, 507 (1945). 
* Nature, 165, 403 (1950). 


* Nature, 164, 501 (1949). 
* Biochem. J., 47, 443 (1950). 


Photochemical Reduction of Pyridine 
Nucleotides by Spinach Grana and Coupled 
Carbon Dioxide Fixation 


Hieuty purified ‘malic’ enzyme from pigeon’s 
liver! mediates a fixation of carbon dioxide through 
catalysis of reaction (1). When, by coupling with 
a suitable dehydrogenase system, triphosphopyri- 
dine nueleotide is continuously reconverted to its 
reduced form, malate is readily synthesized from 
pyruvate and carbon dioxide*. Should illuminated 
chloroplast preparations be able to effect a reduction 
of pyridine nucleotides, then the photochemical 
reaction could be coupled to reductive carbon dioxide 
fixation by a well-defined enzyme system?*. Such 
a mechanism might operate in photosynthesis. A 
‘malic’ enzyme specific for triphosphopyridine nucleo- 
tide is present in the tissues of higher plants‘. 
of triphosphopyridine nucleotide + 
(Mn+ +) , eae 
—__» triphosphopyridine nucleo- 


tide + l-malate 


(1) Reduced form 


pyruvate + CO, 


Small amounts of l-malate are formed when washed 
green grana, prepared from spinach leaves by the 
method of W arburg®, are illuminated in the presence 
of purified pigeon’s liver ‘malic’ enzyme, pyruvate, 
carbon dioxide, small amounts of triphosphopyridine 
nucleotide, and a manganous salt. Malate was de- 
termined enzymatically’. As the accompanying 


figure shows, there is no reaction in the dark, or if 
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either ‘malic’ enzyme or triphosphopyridine nucleo. 
tide is omitted. /-Malate (10 micromoles), obtained 
in a similar experiment on a larger scale, was also 
identified with the specific adaptive ‘malic’ enzyme 
from Lactobacillus arabinosus*. Tracer studies with 
carbon-14 dioxide confirmed the photochemica] 
synthesis of malate by the above system. The malate 
labelled with carbon-14 was isolated with the aid 
of carrier and identified both by paper chromato 
graphy and by specific decarboxylation with L. 
arabinosus enzyme. In each case, dark-contro] 
experiments showed no reaction. 

Photochemical reduction of diphosphopyridine 
nucleotide was demonstrated by the reduction of 
pyruvate to lactate’ when washed green grana were 
incubated in the light with pyruvate and crystalline 
lactic dehydrogenase from rabbit muscle. Lactic 
dehydrogenase catalyses reaction (2). Again, there was 
no reaction in the dark, or in the absence of either 
lactic dehydrogenase or diphosphopyridine nucleotide. 


(2) Reduced form of diphosphopyridine nucleotide 
pyruvate = = diphosphopyridine nucleotide + lactate 


Under otherwise strictly anaerobic conditions, the 
photochemical reduction of pyridine nucleotides 
evolved the theoretical amount of oxygen. The 
oxygen produced was absorbed by chromous chloride* 
and the excess chromous ions were determined by 
iodometric titration. 

Our observations indicate that illuminated chloro- 
plasts are able to catalyse the over-all reaction (3). 
(3) H,O + tri-(or di-)phosphopyridine nucleotide light) 
0-5 O, + reduced form of tri-(or di-)phosphopyridine 

nucleotide 
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The compiete system (curve 1) contained green grana equivalent 
to 15 — chloro) me pigeon’s liver ‘malic’ enzyme (40 units, 
components in micromoles: potassium 
pyridine nucleotide, 0°46; adenosine 
Lipomphate (to protect the from enzymatic cleavage) 
7°5; nCl,, 12-5; KHCO,, 200; potassium phosphate, 750 ; 
inal volume, 20 c.c.; pH, 7-0. Curve 2, no ‘malic’ 
enzyme. Curve 3, dark (flask wrapped in tinfoil). Curve 4, no 
nucleotide. The flasks were flushed continuously with a gas mixture 
of 95 per cent nitrogen and 5 cent carbon dioxide and shaken 
in a constant tem ture bath at 15°. The reaction was started 
by turning on the light. At various time intervals 2-0 c.c. samples 
were withdrawn, acidified with sulphuric acid, centrifuged, and 
the supernatant neutralized and for malic acid. Results 
expressed per 20 c.c. of reaction mixture 
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Reaction (3) can then become coupled with either 
reaction (1) or (2) to bring about the reductive 
carboxylation of pyruvate to malate or its reduction 
to lactate*. It is possible that chemosynthesizing 
bacteria may couple the oxidation of their specific 
substrates to carbon dioxide fixation through the 
mediation of pyridine nucleotides. 

We wish to thank Dr. Seymour Korkes for his 
collaboration in part of this work. 

This investigation was aided by grants from the 
United States Public Health Service, the American 
Cancer Society (recommended by the Committee on 
Growth, National Research Council), the Office of 
Naval Research, and the Rockefeller Foundation. 

Wor VIsHNIAC* 
SEVERO OCHOA 
Department of Pharmacology, 
New York University College of Medicine, 
New York. 
Feb. 21. . 
* Postdoctoral Fellow, United States Public Health Service. 
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Crystallization of Fumarase 


In 1941 fumarase was claimed to have been 
isolated in crystalline form'; but it has since been 
shown? * that this crystalline material contained 
considerable quantities of lactic dehydrogenase and 
aconitase. In this communication is reported the 
isolation of crystalline fumarase free of aconitase and 
lactic dehydrogenase, which has been shown to be a 
homogeneous protein by ultracentrifuge and electro- 
phoresis criteria. 

Fumarase activity was determined by the spectro- 
photometric method described by Racker‘; the 
adsorption at 2770 A. was used as a rough guide to 
protein concentration. 

Pigs’ hearts, freed of fat and ligaments, were 
minced coarsely and washed well with tap water. 
The washed mince was extracted with 0-02 M 
disodium hydrogen phosphate by homogenizing in a 
Waring blendor. The resulting homogenate was 
centrifuged and the ~H of the turbid supernatant 
adjusted to 5-2. After centrifuging off the large mass 
of inactive material, a clear reddish solution contain- 
ing the enzyme in appreciable quantities was obtained. 
Fumarase was adsorbed completely from this solution 
by calcium phosphate gel, and then eluted with 0-1 M 
phosphate buffer pH 7-3, containing 5 gm. ammonium 
sulphate per 100 ml. Ammonium sulphate fractiona- 
tion was then carried out, the enzyme being contained 
in the 50-60 per cent saturation fraction. This frac- 
tion was dissolved in water and dialysed over-night 
against distilled water. A considerable degree of 
purification was then achieved by the addition of 
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x 300 


Fumarase crystals from ammonium sulphate. 


small amounts of calcium phosphate gel, sufficient 
to adsorb impurities but not fumarase. The amounts 
of calcium phosphate necessary to do this vary from 
one preparation to another, and must be determined 
by activity tests for each case. This is followed by 
another ammonium sulphate fractionation, the frac- 
tion between 50 and 60 per cent saturation again 
containing the fumarase. This fraction was dissolved 
in the minimum amount of 15 per cent ammonium 
sulphate practicable, and a solution of saturated 
ammonium sulphate added drop by drop to faint 
turbidity. This was done at room temperature and 
the solution was then allowed to cool down in the 
refrigerator. After one to two days, crystals of fum- 
arase separated out. Crystallization is greatly speeded 
up by seeding with a few crystals from a previous 
preparation. 

The crystals are very slightly soluble in distilled 
water, but can be dissolved readily in 0-01 M phos- 
phate buffer pH 7-3. The activity reaches a constant 
value on recrystallization. This value is about 
0-55 moles fumarate converted to L-malate per 
minute per gram of crystals at pH 7-3 and 20°C. 
In similar terms, the activity of the preparation of 
Laki and Laki was 0-14 moles at 39° C. and pH 6-7. 
As the temperature coefficient of fumarase is rather 
high (preliminary estimations indicate a value about 
2-5), the activity reported here is considerably greater 
than that of Laki and Laki. Ultracentrifuge investiga- 
tion at pH 7-34 and electrophoresis studies at pH 5-8, 
7-34 and 8-1 showed only one protein component, of 
molecular weight 224,000 (assuming a value of 0-75 
for the partial specific volume). From this value, 
the turnover number is calculated to be more than 
100,000 at pH 7-3 and 20° C. 

Full details will be published elsewhere. 

The first stages in the purification were based on 
results obtained in an advanced class exercise under 
the direction of Drs. M. Dixon, E. C. Webb and 8. J. 
Bach, of the Biochemistry Department, Cambridge. 
I wish to thank Drs. R. Cecil and A. G. Ogston, of 
the Biochemistry Department, Oxford, for sedimenta- 
tion constant and diffusion constant estimations, and 
to Dr. B. E. Conway and Mr. D. W. F. James, of 
the Chester Beatty Research Institute, for electro- 








770 


phoretic mobility measurements. I am indebted to 
Dr. M. Dixon for suggesting the problem, and for 
advice and encoursgement. 
VINCENT MASSEY 
Department of Biochemistry, 
Cambridge. 
Dec. 20. 
' Laki, E., and Laki, K., Enzymologia, 9, 141 (1941). 
* Seott, E. M., and Powell, R., J. Amer. Chem. Soe., 70, 1104 (1948) 
* Scott, E. M.. Archiv Biochem., 18, 131 (1948). 
* Racker, E., Biochem. et Biophys. Acta, 4, 211 (1950). 


Reversion of the Effect of Vitamin B, on 
Yeast Fermentation as a Result of Growth 
in the Presence of Cocaine 


In order to test the hypothesis (unpublished) that 
the habit-forming properties of certain drugs might 
be due to their ability to induce adaptive changes 
in the enzyme systems of cells and tissues, we have 
made comparative studies of the effects of cocaine 
on the respiration and fermentation of pure strains 
of yeasts, previously grown in the presence and in 
the absence of cocaine. A detailed report of this 
work will be published elsewhere. In brief, we find 
that cocaine in 0-004 M concentration depresses the 
respiration (Torulopsis utilis, var. major, type No. 
6593) and the fermentation (Saccharomyces cerevisia, 
type No. 815) of the washed cells in glucose and 
phosphate buffer at pH 7-0, but is without effect at 
pH 6-0. Some degree of tolerance towards the drug 
appears to be established, as the depressant effect 
is less with cells that had been grown in the presence 
of cocaine. 

It has been shown! that addition of vitamin B, to 
alkali-washed yeast in the presence of cocarboxylase 
stimulates the carboxylase activity. We have in- 
vestigated the action of vitamin B, on the fermenta- 
tion-rate of S. cerevisiae, and we find that whereas 
the acid-washed yeast in 2 per cent glucose and M/20 
phosphate at pH 7-0 is stimulated by 0-004 M 
thiamin, that which had been grown in the presence 
of 0-004 M cocaine is actually depressed by 0-004 M 
thiamin. In all these experiments, one- or two-day 
old cultures were used. They were grown at 25° C. 
in nutrient medium (20 gm. malt extract, 4 gm. 
K,HPO,, 1 gm. KH,PO,, and 30 gm. glucose per 
litre; pH 7-0) with and without cocaine (0-004). 

Tubes of’ nutrient medium (a) with and (6) without 
cocaine (0-004 M) were inoculated with S. cerevisiae 
and incubated at 25° C. After one or two days growth, 
the cells were separated by centrifuging, washed twice 
with M/20 phosphate buffer at pH 6-0, once at pH 7-0 
and suspended in M/20 phosphate buffer containing 
2 per cent glucose. 1-0 ml. of the yeast suspension, 
either (a) or (6), was placed in each fermentation vessel, 
together with 2-5 ml. of the buffer-substrate solution, 
with and without thiamin (0-0056 M). Production 
of carbon dioxide was measured in the Warburg 
apparatus at 30°C. The contents of the flasks were 
acicified by the addition of acid from their side-arms, 
at zero time for the controls, and one hour later for 
the experimental vessels. From the data so obtained 
the volumes of carbon dioxide produced in one hour 
were calculated. 

In a typical experiment the yeast, previously 
grown in the absence of cocaine, produced in one 
hour 208 ul. carbon dioxide per ml. yeast suspension 
and 218 ul. carbon dioxide in the presence of added 
vitamin B,; whereas that previously grown in the 
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presence of cocaine produced 205 pl. carbon dioxide, 
but only 176 ul. carbon dioxide in the presence of 
vitamin B,. The effect in this experiment of the 
added vitamin B, is therefore to stimulate the 
normal yeast (5 per cent activation) and to depress 
the cocaine-grown yeast (14 per cent inhibition). 

Our experiments suggest that small quantities of 
cocaine can induce in living cells a change of marked 
physiological significance, and that the normal fune. 
tion of vitamin B, suffers some modification as ag 
result. Further investigations are in progress and 
it would be premature at this stage to indulge in 
speculation as to the possible mechanisms involved. 
Similar studies with morphine and with nicotine are 
also in the course of investigation. We would like 
to emphasize that the medium we used is favourable 
to the healthy growth of the yeasts, and in this 
respect the conditions of our experiments are quite 
different from those usually employed in the study 
of enzyme adaptation, where the organisms are partly 
starved in order to force them to utilize some 
‘unnatural substrate’ as a food. 

Brenpda E. Ryman 
E. O’F. Watsu 
Department of Physiology, 
Royal Free Hospital School of Medicine, 
London. 
Dec. 22. 


Ochoa, S., and Peters, R. A., Biochem. J., 32, 1501 (1938). 
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Existence of an Enzyme es the 
Hydrogenation of Oximes in Silkworms 


Recentty’, I found that, in silkworms, nitrites, 
nitrates and ammonium saits could be converted into 
oximes, and suggested that this insect might utilize 
inorganic nitrogenous salts as nutritive substances. 
I have now been able to demonstrate that in the 
silkworm body there exists an enzyme which catalyses 
the transformation of oximes to corresponding amino 
compounds. 

A typical experiment was as follows. Fifth instar 
worms from which the digestive organs were carefully 
removed were thoroughly washed with sterilized 
water. 3 gm. of washed bodies was mixed with 
0-5 gm. of quartz sand, completely ground and 
diluted with water to 100 ml. The enzyme solution 
obtained contained no intact tissue cells or micro- 
organisms. For the determination of enzymatic 
activity, 5 ml. of this enzyme solution was mixed with 
a solution of pyruvic acid oxime or acetoxime and 
kept at 30° C. for 1 hr. Then the mixture was heated 
at 100°C. for 5 min., centrifuged after adding 
0-05 ml. of saturated lead acetate solution, and the 
oxime content in the supernatant fluid was estimated. 
The total volume of reaction mixture was 10 ml., and 
in the control the enzyme solution was used after 
heating at 10€° C. for 5 min. 

Experiments showed that the enzyme activity was 
reduced to half by heating at 60° C. for 5 min. The 
optimum pH of enzyme action was about 6 and the 
optimum temperature 40° C. Under the experimental 
conditions mentioned above, half the oxime in 
0-€001 M solution was decomposed, and, even in the 
case of 0-1 M solution, about 20 per cent of oxime 
added was split. In the test solutions, free hydroxyl- 
amine was not detected. It was further observed 
that the amount of amino-nitrogen, which was 
determined according to Van Slyke’s method, 
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' corresponded to the quantity of oxime nitrogen 
' which had disappeared. 


I propose to name this 
enzyme tentatively ‘oximase’. 
Kazuo YAMAFUJI 


_ Agricultural Chemistry Institute, 


Kyushu University, 
Fukuoka, Japan. Dec. 20. 
Yamafuji, K., Nature, 165, 651 (1950). 


Pectic Enzymes produced by Bacterium 
aroidee 


Rerp* has recently described some properties of 
the pectic enzymes secreted by the fungus Bysso- 
chlamys fulva, and compared them with those 
described earlier by Beavan and Brown’. 

Similar studies are in progress here using Bacterium 
aroidew. The bacteria are cultured in synthetic 
media, and solutions of the enzymes are pre 
after precipitation from the cell-free culture fluid, 
dialysis and reprecipitation. Such preparations retain 
about 50 per cent of the activity of the original culture, 
macerate disks of potato tuber tissue 500 p thick in 
fifteen minutes, have little pectin-esterase activity 
but rapidly reduce the viscosity of 0-5 per cent solu- 
tions of a high-methoxyl] (9-15 per cent) citrus pectin 
at optimum pH. For example, one preparation re- 
duced the specific viscosity from an initial value of 
3-20 to 0-77 in one minute and to the low value of 
0-15 after twenty minutes. These figures are in 
contrast with those of Beavan and Brown’, who 
report their active preparations as macerating disks 
of potato tuber in eighteen hours and taking approx- 
imately ten hours to produce a substantial decrease 
in the viscosity of 1-0 per cent pectin solutions. 

The properties of the viscosity-reducing enzyme 
secreted by this bacterium have been studied using 
as a measure of activity the inverse of the time 
taken for a 0-5 per cent solution of a high-methoxy] 
(9-15 per cent) pectin to reach a given value as de- 
termined from viscosity/time curves. On this basis 
a linear relation is obtained between enzyme con- 
centration and activity. The enzyme is most active 
at high pH values, having an optimum between 8-5 
and 9-0. Inactivation is rapid below pH 3-7. Thus, 
at pH 2-7 activity is reduced by 50 per cent after 
one minute and by 90 per cent after sixty minutes. 
Inactivation is also rapid at 60° C. and above, only 
5 per cent of the original activity remaining after 
ten minutes at 60° C. 

Prolonged dialysis at 5° C. leads to a considerable 
loss of activity. This is, however, completely restored 
by the addition of calcium ions. This effect is not 
produced by sodium, potassium, magnesium, stron- 
tium or barium ions. Enzyme preparations are 
normally prepared from cultures containing excess 
calcium carbonate ; but similar activation by calcium 
is obtained after culturing the bacterium in media 
free from calcium ions. 

With high-methoxyl pectins, the major viscosity 
changes take place with little increase in reducing 
power of the solution. There is little further increase 
even after treatment for twenty-four hours. Enzyme 
preparations behaving in this way still rapidly 
maccrate disks of potato tuber. While high-methoxyl 
pectins have generally been used in these studies, 
the action of the enzyme on demethoxylated pectins 
is substantially the same. 

The pectinolytic enzyme or enzymes secreted by 
Bacterium aroideew therefore have properties sub- 
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stantially different from those of polygalacturonase, 
as described by Lineweaver et al.*, and is peculiar in 
the following respects: (1) ability to act upon high- 
methoxyl pectins in the absence of pectin-esterase ; 
(2) a high pH optimum ; (3) activation by calcium 
ions; (4) inability to cause substantial increase in 
the reducing power of pectin solutions while causing 
very rapid reduction in viscosity. 

The above work will be described in detail else- 
where. 

R. K. 8. Woop 
Imperial College of Science and Technology, 
London, 8.W.7. 
(At present Commonwealth Fund Fellow, 
Divisions of Plant Pathology and 
Food Technology, 
University of California, 
Berkeley, California.) 
Dec. 20, 


' Reid, W. W., Nature, 166, 76 (1950). 

* Beavan, G. H., and Brown, F., Biochem. J., 45, 221 (1949). 

* Lineweaver, H., Jang, R., and Jansen, E. F., Arch. Biochem., 20, 137 
(1949). 


Enzymatic Inactivation of Secretin 

THE inactivation of secretin by whole blood, 
cell-free plasma, serum and urine has been demon- 
strated by Greengard and Ivy'* to be an enzymatic 
process. Because of the stability of their secretin 
preparations towards crystalline pepsin and trypsin 
and the absence of detectable proteolytic activity of 
blood, they ‘concluded that ‘secretinase’ was not & 
proteolytic enzyme. 

In this laboratory, however, it has been possible to 
show that ‘secretinase’ activity of plasma is activated 
by chloroform treatment and inhibited by soya bean 
trypsin inhibitor. Moreover, our preparations of 
secretin obtained by the procedure of Greengard and 
Ivy® are, in fact, inactivated by crystalline pepsin. 

Secretin assays were carried out on dogs in the 
usual manner’, and all im vitro experiments were con- 
ducted at 37°C. and pH 7-4. It was found that 
0-4 mgm. secretin (n-butanol extracted fraction STI*) 
was inactivated by 4 ml. of a 1 : 1 dilution of citrated 
dog plasma in 0-05 M phosphate buffer within 1-3 hr. 
When chloroform-activated globulin, that is, serum 
protease prepared according to Christensen and 
McLeod‘, was tested similarly at eight times the 
dilution of the original plasma, the rate of inactivation 
was found to be increased several-fold (see table). 

An amorphous trypsin inhibitor was prepared from 
soya bean by the same procedure as that used by 
Tauber et al.* for Lima bean. A concentration of 
2 mgm./ml. inhibited maximally 0-4 mgm./ml. B.D.H. 
trypsin. When 2-5 mgm./ml. of this inhibitor was 
added to the plasma and chloroform-activated 
globulin solutions, the ‘secretinase’ activity was 
inhibited (see table). 

Preliminary experiments in which up to 300 mgm. 
of amorphous trypsin inhibitor was injected intra- 
venously into dogs showed, however, no effect on 
the secretin response of the animals. Further experi- 
ments are proposed in which crystalline preparations 
of the inhibitor will be used. 

Although the evidence is insufficient to identify 
the ‘secretinase’ with the plasma protease, these 
experiments do suggest that, contrary to previous 
observations'*, the plasma inactivation of secretin 
proceeds by proteolysis, while the known proteolytic 
activity of urine* could likewise account for its 
‘secretinase’ activity. It may be added that 
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GLOBULIN: EFFECT OF AMORPHOUS TRYPSIN INHIBITOR 
| > response 
Experiment* to Injection — 
| Dog 1 | Control secretin (100 agm.) 20 
Plasma (a4) + secretin (100 wgm.) 18 
| Chioroform-activated globulin from (a) 
| 1: 7 dilution + secretin (100 sgm.) 8 
Chloroform-activated globulin + secretin 
(100 wgm.) + amorphous trypsin 
inhibitor 18 
Dog 2 | Control secretin (200 zgm.) 15 
| Plasma (b) + secretin B00 vem.) 1 
Plasma (5) + secretin (200 sgm.) + 
amorphous trypsin inhibitor 9 











* The secretin solutions injected into Dogs 1 and 2 were incubated 
for ¢ hr. and 1 hr. respectively. 





Hammarsten and Agren’ found that secretin prepared 
according to their methods was labile in the presence 
of proteolytic enzymes. Our experiments, therefore, 
are in accord with their observations. 

The mechanism of inactivation by ‘secretinase’ 
does not appear to involve the liberation of amino- 
acids, since these could not be detected when plasma 
of secretin inactivated by chloroform-activated globu- 
lin was examined by the sensitive technique of 
paper-partition chromatography. Unfortunately, the 
solubility of our secretin at pH 6-8 was not sufficiently 
great to enable measurements by indirect dilatometry* 
of any volume changes in the presence of plasma. 

It is of interest to note that chloroform-activated 
globulin inactivates vasopressin but does not affect 
oxytocin or hypertensinogen*’. The extension of the 
approach outlined above might well be of value in the 
investigation of the reported blood inactivation of 
other hormones such as pancreozymin’® and chole- 
cystokinin"™. 

Facilities provided for the animal assays by Dr. 
W. T. Agar, of the Department of Physiology, are 
gratefully acknowledged. 

GrorcE E. RocErs 

Department of Biochemistry, 

University of Melbourne. 
Dec. 22. 
'Greengard, Stein and Ivy, Amer. J. Physiol., 183, 121 (1941). 
* Greengard, Stein and Ivy, Amer. J. Physiol., 184, 245 (1941) 
*Greengard and Ivy, Amer. J. Physiol., 124, 427 (1938). 
* Christensen and MeLeod, J. Gen. Physiol., 28, 559 (1945). 
* Tauber, Kershaw and Wright, J. Biol. Chem., 179, 1155 (1949). 
* Macfarlane and Pilling, Nature, 159, 779 (1947). 
’ Hammarsten and Agren, J. PhAysiol., 90, 330 (1937). 
* Linderstrem-Lang and Lanz, C.R. Carlsberg Lab., Sér. 
24 (1938). 
°c vamatee, Bote and Croxatto, Proc. Soc. Exp. Biol. and Med., 69, 
Harper and Raper, J. Physiol., 102, 115 (1943). 
™ Greengard, Stein and Ivy, Amer. J. Physiol., 184, 733 (1941). 


Chim., 21, 


Action of Beryllium on Cells cultivated 
in vitro; Effect on Mitosis 


Tue biological action of beryllium salts has lately 
aroused interest among embryologists’~* and patho- 
logists*. We have investigated the effect of beryllium 
(sulphate) acting for one to four days on tissue 
cultures of connective tissue and skeletal muscles 
(chick embryos). The final concentration varied 
from M/400 to M/10*. 

With high dosage, the growth of the cultures is 
much inhibited or even stopped within 24 hr. With 
intermediate concentration, the growth is slowed 
down, markedly after two or three days. With low 
dosage (M/10*, for example), there is practically no 
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action for the first two days, and later the inhibition 
remains slight. 

On fixed and stained cultures, the decrease in the 
number of mitoses and the relatively high number 
of round metaphase cells are striking. A few mitoses 
show chromosomic alterations ; others are pycnotic. 

In living cultures observed with phase contrast at 
38°, a few cells appear to undergo normal mitosis, 
whereas in others metaphase, always in spherical 
cells, is unduly lengthened up to several hours. These 
metaphases can then follow three different courses ; 
they rarely undergo anaphase and telophase and 
divide into two apparently normal daughter cells ; 
more often, either they degenerate and become 
pycnotic, or, without dividing, change back to elon- 
gated cells, and a resting nucleus —with nucleolus and 
nuclear membrane—reappears directly. There is 
then, of course, nothing resembling normal anaphase 
and telophase. 

The transformation of fibroblasts and muscular 
elements into macrophages is abolished when the 
concentration of beryllium is M/10* or higher. 

The histochemistry of alkaline phosphatase’, 
deoxyribonucleic acid (Feulgen reaction) and ribo- 
nucleic acid (methyl-green—pyronin, control with 
ribonuclease) was also studied in our cultures. This 
showed mainly a complete inhibition of alkaline 
phosphatase at concentrations of 1//3,000 and higher. 
The inhibition is already marked at M/10,000. 
Biochemists have recently shown that beryllium 
inhibits strongly alkaline phosphatase* in tissue 
extracts, even at a concentration of M/10* when 
pure substances are used’. 

The present work shows that inhibition of growth 
and mitotic abnormalities are produced by long con- 
tact with beryllium ions. It is suggested that the 
chemical mechanism of this action may be through 
a specific inhibition of enzymes concerned in phos- 
phorus metabolism and probably in nucleoprotein 
metabolism. 

M. CHEVREMONT 
H. FirKket 
Institut d’Histologie, 
Université de Liége, 
Liége. 
Dec. 23. 
* Needham, A. E., Proc. Zool. Soc., 3, 59 (1941). 
* Thornton, C. S., J. Morphol., 84, 459 (1949). 
* Tuchmann-Duplessis, H., Bull. Hist. App., 27, 116 (1950). 
* Sixth Saranak Lake Symposium of the Saranak Lab. of the Trudeau 
Found. (Ed. P. B. Hoeber, New York, 1960). 
* Chévremont, M., and Firket, H., Arch. Biol., 60, 441 (1949). 
* Klemperer, F. W., Miller, J. M., and Hill, C. J., J. Biol. Chem., 180, 


a1 (1949). Grier, RK 8., Hood, M. 'B., and Hoagland, M. B 
, 180, 289 (1949) 
» asartian W. N., Nature, 165, 772 (1950). 


Effect of Diet on Toxicity to Rabbits of the 
Toxic Factor from ‘Agenized’ Flour 


THe toxic factor present in ‘agenized’ flour was 
isolated! and later synthesized* by Moran and his 
colleagues at St. Albans. These workers had found 
that oral doses of about 5 mgm. of the dl-compound 
or 2 mgm. of the l-compound caused convulsions in 
more than 90 per cent of the rabbits dosed (they 
used animals of about 600-800 gm.). Our first 
attempts to confirm the convulsive effect were com- 
pletely negative: doses up to 20 mgm. of the dl- 
compound or 10 mgm. of the l-compound had no 
effect whatever in our animals. 
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When we compared notes with the St. Albans 
workers, it was clear that the only condition which 
differed markedly between the two laboratories was 
the diet used for the rabbits. 
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“St. Albans’ Diet 
Mixed diet of following formula, 
slightly moistened with water be- 
fore use, with cod-liver oil twice 
weekly, and water freely 


‘Nottingham’ Diet 


Pellets (formula below), with a 
liberal supply of fresh greenstuff 
daily, and water freely 


Bran 15 per cent Flour, 85 per cent ex- 
Grass meal 30 ~ traction, unfortified 1,200 gm. 
Ground nut cake 15 o Bran 600, 
Linseed cake 10 = Crushed oats 
Meat and bone meal 8 “a Milk a. spray-dried 
Barley meal 20 jae skim 150 _ ,, 

| Sodium chloride 1 ° Mineral salt mixture 60 ,, 
Calcium carbonate l Arachis oil 150 ., 


The ‘St. Albans’ diet was purposely formulated 
to have a high flour content and thus to resemble 
as closely as possible the diet used for dogs in the 
studies on canine hysteria. It was only used for a 
short period before rabbits were dosed. Rabbits 
kept as stock animals had the same diet plus green- 
stuff. 

The outstanding difference was the liberal supply 
of greenstuff in the Nottingham diet and its absence 
in the other when used for rabbits under test. Dr. 
Pace kindly supplied us with some of the St. Albans 
diet for comparative tests, and we also examined the 
effect of a diet consisting of bran, oats and water 
only, and of the latter diet and the St. Albans diet 
with added greenstuff. Each diet was fed for at 
least four days before dosing. The results of these 
experiments are shown in Table 1. 


Table 1. CONVULSIVE EFFECT OF TOXIC FACTOR IN RABBITS RECEIVING 
DIFFERENT DIETS 





Result | 





























Diet No. of Dose of 
rabbits compound 
Nottingham 2 18 — dl- | No effect 
Nottingham 2 10 l- | No effect 
St. Albans 3 10 ~«6,, @-| All x eee in 
| 24 hr. 
| St. Albans 3 5 ,, d@- | Twoconvuised in 24 
| hr. : one unaffected 
| St. Albans and 3 5 dl- | Two convulsed in 48 
| greenstuff* hr.: one unaffected | 
Bran and oats 3 5 di- | Two convulsed in 48 
hr.: one unaffected 
| Bran and oats 2 20 dl- | Both convulsed in 
(adult) 48 hr. 
Bran and oats and 2 5 ,, d-| Noeffect 
greenstuff* | 
' 





The rabbits Toten 600-900 gm., except the two marked “adult’’, 


which weighed 2-2 
* The amount ‘tm gree nstuff given was 150 gm. per rabbit dally. 


A similar comparative test was made by the St. 
Albans workers with the results shown in Table 2. 








Table 2. CONVULSIVE ErrectT OF TOXIC FACTOR IN RABBITS 

RECKIVING DIFFERENT DIETS 
Diet No. of Dose of Result | 
rabbits compound 

| St. Albans 3 6 mgm. a- | “All convulsed | in 18 hr. 

Nottingham 3 6 ,, @- | One convulsed in 20 

hr.: two unaffected 

Nottingham*® 3 a a One convulsed in 40 

hr.: two unaffected 











* These animals had continuous access to food ; the others had access 


to food between 5 p.m. and 10 a.m. only. 


These results indicate that a dietary factor exists 
which prevents or reduces the convulsive effect of 
the toxic factor in rabbits. Fresh greenstuff appears 
to be a rich source of the dietary factor, and the 
Nottingham diet, which includes ample greenstuff, is 
also rich in the factor. The St. Albans diet is deficient 
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in the factor, and the bran and oats diet appeared 
to be intermediate. It is interesting that the addition 
of 150 gm. of greenstuff daily to the St. Albans diet 
for four days prior to dosage did not prevent the 
occurrence of convulsions, although it delayed their 
appearance, while the other diets containing green- 
stuff completely prevented convulsions. The sig- 
nificance of this observation is unknown, as no food 
consumption records were kept; if the animals on 
the St. Albans diet plus greenstuff did, in fact, con- 
sume the large amounts of greenstuff they received, 
the fact that they still became convulsed suggests 
the possibility of another substance in the St. Albans 
diet which antagonized the greenstuff factor. 

Heathcote and Pace* have shown that the toxic 
effect of the factor from ‘agenized’ flour on the growth 
of Leuconostoc mesenteroides is reversed by glutamine ; 
and as fresh greenstuff is rich in glutamine, it is 
possible that the dietary factor described above may 
be glutamine. 

We are indebted to Dr. Moran and Dr. Pace for 
their co-operation in this investigation and for the 
supplies of the synthetic toxic factor. 


W. A. Broom 
M. R. Gurp 
G. L. M. Harmer 
Research Department, 
Pharmacology and Physiology Division, 
Boots Pure Drug Co., Ltd., 
Nottingham. 
Jan. 3. 
1 Bentley, H. R., McDermott, E. E., Pace Whitehead, J. K., and 
Moran, T., Nature, 164, 438 (1949) ; ies” 150 (1950). 
* Bentley, H. R., McDermott, E. E., and Whitehead, J. K., Nature, 
165,'753 (1950). 
* Heathcote, J. G., and Pace, J., Nature, 166, 353 (1950). 


Pigments of Penicillium herquei 


DuRING a recent morphological study of Penicillium 
herquei, we became interested in the curious change 
in pigmentation induced by variation of the sub- 
strate, a phenomenon which had been reported by 
Bainier and Sartory' when the fungus was described 
in 1912. These workers observed that a yellow pig- 
ment was formed on potato, banana, carrot and 
Raulin’s medium ; on a medium rich in peptone the 
pigment was a beautiful blue. Apparently no attempt 
was made at chemical characterization. 

As the initial step in a study of the relationship 
between these two pigments, we have isolated from 
the mycelium of a strain of P. herquei (NRRL 2249) 
a crystalline red pigment. On a broth medium con- 
sisting of 4 per cent dextrose and 1 per cent peptone 
(‘Difco’) in still culture, yields of crude pigment as 
high as 10 per cent of the weight of dry mat could 
be obtained in five days at 24° C. 

The pigment was isolated by ether extraction of 
the dried mycelium and purified by crystallization 
from benzene- petroleum ether (m.p. 225-227° de- 


comp.). Analytical figures are in agreement with the 
formula C,.H,,0, (found : C, 64-4, 64-3 ; H, 5-42, 
5-42; calc. for CyoHg.0, : C, 64-51 ; H, 5-41 H 


calc, m.w., 372; found (Signer), 379). 

Spectroscopic examination in 0-1 N hydrochloric 
acid -ethanol showed strong absorption at 3145 A. 
(#* Percent _ 1,214; Ey = 45,000). Methoxy] values 
varied from 8-6 to 9-5 per cent (calc. for one methoxyl, 
8-34 per cent), depending on the length of time of 
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heating. This suggests ion of the molecule 
with the formation of a higher alkyl iodide. The 
presence of the methoxyl group was established by 
the formation of phenyl trimethylammonium iodide 
in good yield. 

At room temperature the pigment is readily soluble 
in acetone and dimethyl formamide, fairly soluble 
in methanol, ethanol, ether, ethyl acetate and 
dioxane, difficultly soluble in carbon disulphide and 
benzene, and insoluble in carbon tetrachloride, 
petroleum ether and water. It is extractable from 
ether with sodium hydroxide solution but not with 
aqueous sodium carbonate. It gives a black colour 
with ferric chloride in alcohol. 

Catalytic reduction of the pigment in methanol in 
the presence of platinum stops with the formation of 
a yellow dihydro derivative, [«]p* + 24-8° (c, 0-8 in 
dimethyl formamide). In the crude form, the di- 
hydro derivative no longer shows the 3145 A. peak 
but does exhibit strong absorption at 2370A. 
(Ey 35,200). 

Further studies are in progress, the details of which 
will be reported elsewhere. 

Frank H. Sropoia 
KenNETH B. RAPER 
Dororny I. FENNELL 


Bureau of Agricultural and Industrial Chemistry, 
Northern Regional Research Laboratory, 

Peoria, Illinois. 
Dec, 27. 
, A., Soe. Mycol. de France, Bul. Trimest., 


* Bainier, G., and 
28, 121 (1912). 


Factors involved in ‘Chemotactism’ of 


Leucocytes in vitro 


TxE polymorphonuclear leucocytes isolated from 
blood or an inflammatory exudate are able to respond 
to chemotactic stimuli (‘tactism’). This property is 
readily demonstrated by the following technique’. A 
suspension of starch granules, isolated from potatoes, 
is spread on microscope slides and the films fixed by 
drying. A few drops of a suspension of leucocytes 
are placed on a slide so prepared, a cover-slip super- 
imposed and the,edges sealed with ‘Vaseline’ and wax. 
The preparation is then placed on the stage of a micro- 
scope in & hot-box at 37° C. Almost at once the leuco- 

cytes, attracted no doubt by soluble dextrin liberated 
into the medium, move towards the starch granules, 
and finally, within an hour, adhere to the surface of 
the latter in the form of regular crescents. 

This phenomenon, although easy to demonstrate, 
only occurs under certain specific conditions. It is 
precisely the determination of these that has been 
the subject of our investigation. Our experiments, 
the most recent of which will be in detail 
elsewhere, have shown that at least two conditions 
are indispensable. First, the leucocytes must be 
suspended in a favourable medium; and secondly, 
the cells themselves must be in a suitable state as 

surface properties and enzymatic equipment. 

(1) Zhe medium. In our experience, the migration 
of leucocytes towards the starch granules never occurs 
in @ medium which is simply mineral, such as ncermal 
saline or Ringer’s solution*. Serum must be present ; 
this need not necessarily be homologous (for example, 
guinea pig leucocytes can be suspended in rabbit 
serum). It is, however, obvious that a serum natur- 
ally toxic for the cells under investigation must be 
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avoided (for example, sma pig leucocytes must 


not be suspended in human serum’). We have 
further found that at least two of the norma! cop. 
stituents of serum must be present in suflicient 
concentration, namely, complement and inorganic 
calcium. 

(a) Complement. Leucocytes suspended in serum, 
the complement of which has been eliminated by age, 
heating or absorption with bacteria*, remain alive 
but do not move towards the starch granules. Similar 
results are obtained with serum the complement of 
which has been partially destroyed by fresh yeast 
or ammonia. It would thus appear that all four 
constituents of complement are indispensable for the 
production of ‘tactism’ in vitro. 

(6) Calcium ions. In a serum medium from which 
the calcium has been precipitated by the addition 
of 10 mgm. per ml. of sodium citrate or oxalate, the 
leucocytes continue to form a few pseudopodia, but 
they do not migrate towards the starch granules‘. 
Since citrate inactivates complement, the inhibition 
of ‘tactism’ caused by addition of sodium citrate 
might result from this effect, rather than from the 
precipitation of calcium. The same, however, cannot 
be said of oxalated serum. Furthermore, the simple 
addition of calcium to either of these media is suffi. 
cient to re-establish the phenomenon. 

(2) Condition of cells. We have found it possible 
to inhibit completely the phenomenon of ‘tactism’ 
even in @ serum medium rich in complement and 
calcium ions by modifying directly the state of the 
leucoc 


rytes. 

(a) Surface. Leucocytes, which after being in 
contact with olive oil for two hours are re-suspended 
in serum, appear morphol ly normal, but ree 
main round in the presence of starch granules towards 
which they no longer migrate. Although we have 
been able to show that the electric surface charge of 
the cells has not changed, it seems likely that the 
observed inhibition of ‘tactism’ is due to a modifica- 
tion of the cell surface. 

(6) Cell enzymes. One of us (J. Lebrun) has shown 
that the addition of certain enzyme inhibitors to the 
medium, without, of course, killing the leucocytes, 
suppresses their capacity to respond to chemotactic 
stimuli. The following fourteen inhibitors, in the 
concentrations indicated, have been found to have 
this effect: sodium fluoride (M/4), sodium pyro- 
phosphate (1/200), cysteine (M/10), thioglycollic acid 
7 32), sodium fluoracetate (M/20), malonic acid 

~~ sodium cyanide (/ 90)" sodium azide (M//7), 

lamine (M/15), jum diethyldithiocarbam- 

ate (M)3), dithizone (half saturated), orthopenantro- 

line (one-third saturated), sodium bisulphite (1//8), 
urethane (4/5). 

Of these inhibitors, the first two also precipitate 
calcium and the next four inactivate complement. It 
is possible, therefore, that with these compounds the 
suppression of ‘tactism’ is secondary to their effect on 
the medium. The remaining eight inhibitors, how- 
ever, have no such effects, and it seems probable that 
they act directly on the enzymes of the ‘eucocytes. 
A diminution in the phagocytic power and respiration 
of the latter sometimes, but not always, accompanies 
the inhibition of ‘tactism’. 

In the light of these results, it would appear that 
enzyme reactions play an important part in the 

henomenon of ‘tactism’ in vitro. It is conceivable, 
or example, that the abundance of peroxidase in 
polymorphonuclear cells* as compared with lympho- 
cytes is related to their migratory power. The nature 
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of the enzymes involved, however, remains an open 
question and will form the basis for future in- 
vestigations. 
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ALBERT DELAUNAY 
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Mary BaRBER 
Institut Pasteur, 
Annexe & Garches. 
Dec. 29. 
Comandon, J., Ann. Inst. Pasteur, 34, 1 (1920). 
‘Delaunay, A., and Pages, J., Ann. Inst. Pasteur, 72, 458 (1946). 
Delaunay, A., Robineaux, R., and Lebrun, J., Rev. Immunol., 14, 
262 (1950). 
‘Delaunay, A., Ann. Inst. Pasteur, 70, 372 (1944). 
Lebrun, J., Pages, J., and Robineaux, R., Ann. inst. Pasteur, 79, 
$16 (1950). 
‘Acner, Advances in Enzymology, 3, 137 (1943). 


Effect of Partial Acetylation on Jute 


PARTIAL acetylation as a means of arresting the 
development of the yellow to brown colour, produced 
by photochemical reactions on irradiating bleached 
jute with a mercury vapour lamp, has been suggested 
by Peill', and Callow and Speakman*. The develop- 
ment of this undesirable shade in untreated and 
bleached jute has been postulated by the latter as 
mainly due to @ sequence of reactions involving the 
lignin molecule, presumably through the formation 
of o-phenols and subsequent conversion to 0-quinones. 
These authors are also of opinion that some dis- 
coloration may be caused by the polymerization of 
furfural liberated from pentosans, or result from con- 
densation reactions between furfural and phenolic 
groups of lignin. On acetylation, however, the 
phenolic and alcoholic hydroxyl groups in jute are 
blocked, and consequently the possibility of the 
above reactions leading to discoloration is avoided. 

During partial acetylation of a cellulosic fibre, the 
reaction is supposed to take place in a topochemical 
fashion, and unless the acetylated layer is removed 
by some suitable solvent, the reaction is expected 
to be confined to the surface layer of the fibre. Jute 
is basically composed of cellulose, hemicelluloses, and 
lignin, and the relative proportion of their hydroxyl 
groups occurring at the surface layer, which are free 
for acetylation, is not known. It was therefore con- 
sidered of importance to determine the relative 
amounts of acetyl groups which reacted with in- 
dividual fibre components during the acetylation of 
jute. 

The untreated or bleached jute fabric (3 gm.), when 
subjected to partial acetylation by refluxing the 
material with a mixture of acetic anhydride (30 gm.) 


Loss in | Increase | Initial Intro 
| wt. due to/ in wt. due acetyl duced 
chemical | to acetyl- content acetyl 
treatment | ation (per of the content 
Sample (per cent) cent)* material (per 
| (per cent)* 
cent)* 
Purified cotton 4-3 Nil } 4°36 
Jute a-cellulose | 39-7 3-3 0-79 | 4-60 
Dewaxed untreat- 
ed jute — 119 | 5-04 13°55 
Jute bleached by | 
treating success- 
ively with | 
NaOCl and H,O, 8-2 13-5 3-09 14-52 
Jute holocellulose | 16°83 11:7 4-06 14-28 
Dewaxed jute fab- | 
ric boiled with | | 
alkali | 26 | 08 0-34 | 11-95 





* Expressed on bone-dry unacectylated material. 
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and xylene (30 gm.) in the presence of sulphanilic 
acid (0-06 gm.) as a catalyst for four hours, during 
which time a definite equilibrium was reached, 
showed that a high content of acetyl had been intro- 
duced. Under the same conditions, however, only a 
sma!ler fraction of the available acetyl reacted either 
with cotton or a-cellulose isolated from jute. This 
greater affinity of jute for acetyl groups is therefore 
most likely due to the presence of hemicelluloses or 
lignin or both. Since holocellulose isolated by two 
successive treatments with sodium chlorite solution 
(0-7 per cent) at pH 4, at 100° C., takes up a greater 
amoun: of acetyl (see table) than when the hemi- 
celluloses are eliminated from jute fabric by boiling 
with 10 per cent caustic soda solution, which also 
removes only a small quantity of lignin, it seems 
likely that when untreated or bleached jute is 
acetylated, the hemicelluloses are responsible for more 
of the acetyl groups attacked compared with lignin. 
Furthermore, as the isolated jute «-cellulose is capable 
of reacting with only a small amount of acetyl, it is 
probable that, during acetylation of untreated or 
bleached jute, the cellulosic component plays a less 
important part compared with hemicelluloses and 
lignin. 
W. G. MacMILLANn 
A. B. Sen Gupta 
Researcn Institute, 
Indian Jute Mills Association, 
Calcutta 27. 
Dec. 29. 
‘ Peill, Nature, 158, 554 (1946). 
* Callow and Speakman, J. Soc. Dyers and Col., 65, 758 (1949). 


‘Lampbrush’ Fibres in the Chromosomes of 
Chrotogonus incertus Bolivar 


THE meiotic chromosomes of the grasshopper, 
Chrotogonus incertus Bolivar (collected at Allahabad), 
assume typical ‘lampbrush’ appearance at pachytene, 
which condition persists to the end of diakinesis, but 
disappears completely at the first metaphase. This 
condition has been reported by Hsu! in two different 
species of grasshoppers, and, judging from illustra- 
tions, it seems to have been observed in grasshoppers 
by other investigators also, even though they do not 
explicitly describe it**. Hsu’ has put forward an 
ingenious theory, based essentially on Goldschmidt’s* 
interpretation of the ‘lampbrush’ chromosome, 
which links up spiralization, heteropyenosis and the 
formation of ‘lampbrush’ processes. According to 
him, heterochromatinic heteropycnosis is not due, 
at least not entirely, to differential nucleic acid 
synthesis®, but to a difference in the capacity 
to undergo cyclic condensation. Negative hetero- 
pycnosis results from the fact that the intracellular 
conditions permit the growth of ‘lampbrush’ fibres on 
the X-chromosome, whereas the autosomes become 
compactly coiled. Positive heteropycnosis results 
when the conditions are reversed ; the X -chromosome 
undergoes condensation, but not the autosomes, 
which, in consequence, show the ‘lampbrush’ fibres. 
Polymerization of the nucleoprotein, he claims, 
causes the chromosomes either to be coiled or show 
‘lampbrush’ fibres. Now in the spermatocytes of 
Chrotogonus, late diakinetic chromosomes, although 
considerably condensed and consequently much 
shorter than the pachytene threads, are provided 
with ‘lampbrush’ fibres similar in size and shape to 
those of the earlier stages. So, condensation (spiraliza- 
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tion) and ‘lampbrush’ formations can exist simult- 
aneously in a chromosome. Further, the negatively 
heteropyenotic X-chromosome of early spermato- 
gonial metaphase is not reported to possess ‘lamp- 
brush’ fibres*-?. Also, in certain special cases, the 
rates of reproduction of euchromatin and hetero- 
chromatin have been found to be appreciably differ- 
ent*, so the differences between them may be more 
fundamental than Hsu’s' hypothesis assumes. In 
Chrotogonus the ‘lampbrush’ fibres spring from deeply 
stainable beads on the chromonemata. Such beads 
Serra® claims to have resolved, on careful observa- 
tion, into parts of a helicoidal coil of four chromo- 
nemata. He considers the ‘hairs’ of such chromosomes 
to be rod-like structures of nucleoplasm deposited 
on the chromonemata, and, in a lesser degree, the 
coils of chromonemata themselves. In view of the 
fact that the staining properties of the ‘lampbrush’ 
fibres are similar to those of the rest of the chromo- 
some, and the almost unstaining nucleoplasm at these 
stages is markedly poor in nucleic acids, Serra’s* view 
is searcely plausible. It is more in consonance with 
known facts to consider the ‘lampbrush’ bristles as 
arising from the peripheral nucleoprotein matrix 
surrounding the chromonemata”™. 

A peculiar property of heterochromatin is its 
capacity to undergo non-homologous pairing, which 
seems to be accentuated on subjecting the animals 
to cold. Chaudhuri and Manna’ describe Feulgen- 
positive threads connecting different bivalents and 
X-chromosome at the first metaphase and earlier 
stages in a grasshopper. They seem to consider this 
phenomenon to be of the same order as the non- 
homologous pairing in the chromosomes of the 
In Chrotogonus, 


salivary gland of Drosophila larva. 
distinct connexions between bivalents do not exist 
at any stage, apart from occasional entanglement of 
the ‘lampbrush’ fibres of different chromosome pairs. 
Such an entanglement of ‘lampbrush’ fibres has also 


been reported by Slizynski" in the mouse. It is not 
unlikely that the interconnecting threads reported 
by Chaudhuri and Manna’ are identical with the 
‘lampbrush’ fibres. 

In Chrotogonus, in a fair proportion of cells, a 
supernumerary bivalent is present at metaphase. 
It is quite small—slightly smaller than the smallest 
pair of the complement. Another interesting, though 
comparatively rare, feature is syndiploidy. High- 
multiple bivalents are sometimes found. In one 
spermatocyte as many as forty-five bivalents and 
five X-chromosomes (no quadrivalents) were counted 
at the metaphase, the normal number being nine 
bivalents and one X-chromosome. The ultimate fate 
of such giant cells remains untraced ; but it is un- 
likely that they give rise to normal spermatozoa. 

Staining with Unna’s pyronin—methyl green mixture 
gives inconstant results. The nuclei of spermatozoa 
always stain violet, indicating the presence of ribo- 
nucleic acid in addition to deoxyribonucleic acid. 
Although this mixture is supposed to stain deoxy- 
ribonucleic acid green and the ribonucleic 
acid red'*, this is not realized in this material. 
Mann’s methyl blue eosin, on the other hand, 
always stains metaphase, anaphase and telophase 
chromosomes (both meiotic and mitotic) bright 
red, and the prophase chromosomes blue. At 
diakinesis chromosomes are stained partly red, but 
the greater portion is still bluish. This would seem 
to indicate that the chromosome, as it passes from 
prophase to metaphase, goes through a qualitative 
change in its nucleoprotein content. 
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A full account of this work will be published 
elsewhere. 

I wish to thank Prof. C. H. Waddington, who gaye 
me facilities in his Institute to complete this work 
and was kind enough to read the manuscript. 

M. D. L. Srivastava 
Zoology Department, 
University of Allahabad, 
and 
Institute of Animal Genetics, 
Edinburgh. 
Dec. 13. 
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Cellulase and Chitinase of Earthworms 


Litre is known of the digestive enzymes of the 
earthworm. The presence of protease, amylase and 
lipase has been reported in the gut contents in isolated 
instances. Since up to 10 per cent of the top four 
inches of soil in grassland may pass through the 
intestines of worms in a year", their digestive abilities 
are of a relevance to transformation of soil organic 
matter. 

Using a viscometric method’, it has been found 
that water extracts of seventeen species of British 
earthworms contain an enzyme reducing the viscosity 
of solutions of sodium carboxymethylcellulose at 
pH 5, which is presumptive evidence of the presence 
in the extracts of cellulase. Some extracts have also 
been shown to produce soluble reducing sugar when 
incubated in the presence of finely divided cellulose. 
In twelve species of which sufficient material was 
available, the presence of chitinase was demonstrated 
viscometrically using a solution of chitosan hydro- 
chloride at pH 5, and confirmed in some by the pro- 
duction of acetylglucosamine from finely divided 
chitin. 

The amount of these enzymes on a fresh-weight 
basis may be of the order of that found in the snails 
Helix aspersa and H. pomatia, probably the most 
active source of animai chitinase and cellulase known 
at present. The amount of cellulase on a fresh-weight 
basis varies by a factor of about 500 in the species 
examined ; but much of this variation may be due to 
varying losses of enzyme by precipitation or adsorp- 
tion in the preparation of the water extracts of whole 
worms. In a single species, Octolasium cyaneum Sav., 
the cellulase content per gram of worm varied by a 
factor of 10 between eight individuals. 

It is probable that the enzymes are produced by 
the worm itself, for extracts of the wall of the fore 
half of the intestine of Lumbricus terrestris L., which 
had been dissected out and washed free of gut con- 
tents, contained both enzymes. Little or none was 
found in the extracts from pharynx, csophagus and 
crop, and gizzard, and extracts of the hind-half of 
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the intestine contained a tenth of the cellulase and 
a third of the chitinase found in the fore-half ex- 
tracts. These findings do not, of course, exclude the 
possibility that cellulase and chitinase may also be 
produced by organisms living in the intestine. 

The following species were investigated, those in 
which lack of material prevented the detection of 
chitinase being placed in brackets: <Allolobophora 
caliginosa Sav., A. chlorotica Sav., A. icterica Sav., 
A. longa Ude, A. nocturna Evans, (Bimastus eiseni 
Levins), (Dendrobena mammalis Sav.), (D. rubida 
Sav.), D. subrubicunda Eisen, Hisenia fatida Sav., 
EB. rosea Sav., (Eiseniella tetredra Sav.), (Lambricus 
castaneus Sav.), L. rubellus Hoffmstr., L. terrestris L., 
Octolasium cyaneum Sav., O. lacteum Oerleg. I 
must thank Prof. L.-G. Rommel, of the Experimental- 
faltet, Stockholm, who suggested this problem, 
and Mr. J. E. Satchell, of this Station, who supplied 
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| the identified species of worms. 
: r " 
j M. V. Tracey 
Rothamsted Experimental Station, 
| Harpenden, Herts. 
{ Jan. 11. 
a ‘Evans, A. C., Ann. App. Biol., 35, 1 (1948). 
wcey, M. V., Biochem. J., 47, 431 (1950). 


Mating Behaviour in Sheep 

IN the course of vertebrate evolution, patterns of 
sexual behaviour of increasing complexity involving 
the interaction of anatomical, neural and psycho- 
logical components have arisen, the main tendency 
of which has been to ensure greater economy in the 
production and greater protection of gametes. In 
the female mammal, the restriction of copulation to 
the a@strous cycle provides economy of the male 
gametes and prevents the exhaustion of the male. 
The manifestation of estrus may be under the con- 
trol of both @strogens and progesterones':?, while in 
the ewe androgens may be implicated’. The sex 
drive of the male is not constant, due to varying 
thresholds of response‘. The patterns of mating 
behaviour may, or may not, be dependent on 
additional forms of hormonal control’. 

Ewes of six breed groups and three age groups 
were running with rams of three breed and three age 
groups, either on pasture or in enclosures. The rams 
were changed from one group of ewes to another in 
rotation, and mating behaviour has been observed 
during three successive breeding seasons. 

The pattern of mating behaviour of the ewe was 
the same towards all the rams ; but ewes of different 
breeds and ages exhibited three different intensities 
of sex drive (see table). 

The intensity of sex drive of the rams was con- 
siderably modified by the breed of the ewe. The rams 
showed eight behaviour patterns towards different 


BEHAVIOUR PATTERNS OF EWES 








Grades of sex Breed 


drive 


Sexual] pattern of 
| receptive ewe 


(I) High in- 
ter 


Searching for the ram, per- 


sity sisting in being close to Dorset Horn and 
him and readily accept- Suffolk 
ing coitus 
(I) Medium Approaching the ram only Romney Marsh, 
intensity when the latter was run- Border Leicester 


and Welsh Moun- 
tain x 
Dorset Horn 
Blackface Moun- 
tain, Welsh 
Mountain 

J ewe lambs 


ning near the flock, and 
accepting service 


III) Low in- 
tensity 


No attempt i approach 
ram, but accepted service 
when the latter made 
sexual approaches 


and 
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breed and age groups of ewes as follows: (I) fierce- 
ness, erection, protrusion and ejaculation before 
mounting ; (II) intense interest and normal copula- 
tion ; (III) coitus and ejaculation with less certainty 
of penetration; (IV) mounting with considerable 
efforts to penetrate; (V) mounting with no efforts 
at actual copulation; (VI) exploring the genitalia 
with no attempts to mount; (VII) following the 
ewe with no attention to her genitalia; (VIII) no 
interest at all. 

These different mating patterns of the rams were 
a result of different excitatory values exhibited by 
the ewes. The excitatory value of the ewe varied 
with ue breed, age, live-weight, size, colour of the 
fleece and face and the general appearance, and 
possibly also with the coarseness of the wool. In 
general, the mating patterns of the ram seem to be 
the same as those exhibited in the male rabbit*. 
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EXCIT. VALUE OF RECEPTIVE EWE 


eae | 
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x T 
BEHAVIOUR PATTERN OF RAM 


———=, Potential excitatory value of ewe 
xxx«x, Similarity of live weight 


xxxx, Similarity in size . oT we 
xxKXx, Wool and appearance hy — — oy lative 
xx, Sympathy to fleece colour 

x, Sympathy to face colour | 


A relationship between the sex drive of a particular 
ewe or a particular breed of ewes and the behaviour 
pattern of the ram is suggested in the accompanying 
diagram. Sex drive of the receptive ewe is indicated 
on the vertical ordinate, and the different behaviour 
patterns exhibited by the ram are indicated hori- 
zontally. A potential excitatory value of the ewe 
is represented by a continuous line which varies in 
length according to the grade of sex drive of the 
breed (see table). Other additional factors are in- 
volved in determining the actual excitatory value 
of the receptive ewe, such as the similarity in size 
and live-weight between the ram and the ewe, the 
appearance of the wool, the sympathy that the ram 
shows towards the colour of the face or the fleece of 
the ewe. These factors appear to vary in importance 
and they are represented in the diagram by units (x). 
The actual excitatory value of a particular ewe (for 
a given ram) is obtained by adding a number of these 
units to her potential excitatory value. The number 
of such units added depends on the ram used. In 
other words, if a Dorset Horn ewe (grade I, see table) 
is mated to a Suffolk ram a little bigger in size and live- 
weight and having sympathy towards the colour of 
her face and the colour and texture of her fleece, the 
ram experiences fierce copulation of grade (I). If the 
Dorset Horn ewe is mated to a Welsh Mountain ram 
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lamb of smaller size, the ram behaves only as grade 
(V) or (VI). Also, if a Welsh Mountain ewe with her 
rump cleared of wool is mated to a heavy Border 
Leicester ram, the latter will probably show no 
sexual interest. 

This work is being carried out in the Animal 
Research Station, Cambridge, while on study leave 
from the Fouad I University of Egypt. Detailed 
results will be published elsewhere. I wish to thank 
Dr. John Hammond for his advice and encourage- 
ment and Dr. Arthur Walton for criticism. 

E. 8. E. Harez 
School of Agriculture, 
University of Cambridge. 
Jan. 1. 
* Ring, J. R., Endoerin., 37, 237 (1945). 
* Asdell, 5 os de Alba, G. H., and Roberts, J. S., J. Artim. Sci., 4, 
* Cole, H. H., Hart, G. H., and Miller, R. F., Endocrin., 36, 6 (1945). 
* Waltor, A., Proce. Soc. Study of Fertility, 1, 20 (1950). 
* Beach, F. A., “Recent Prog. in Hor. Res.”’, 1, 27 (1947). 


A Sanskrit Work on Angling of the Early 
Twelfth Century 


BaSHFORD DeEAN’s “Bibliography of Fishes” 
records an anonymous work entitled “Dit Boecxken 
leert hoe men mach voghelen vanghen metten 
handen. Ende hoe men mach visschen vangen 
metten handen. Ende oeck andersing. Ende oeck 
tot wat tyden vanden iare dat een yeghelyck visch 
tsynen besten is. Hier eyndet een boecxken dat seer 
profiteliick is voor allen visschers, ende vogheleers”’ 
and published at Antwerp in 1492 as the earliest 
known work on angling. In 1872, Alfred Denison, 
as editor, published “A literal translation into English 
of the earliest known book on fowling and fishing, 
written originally in Flemish and printed at Antwerp 
in the year 1492”. The editors of Dean’s “Biblio- 
graphy of Fishes” have supplied the following useful 
information concerning another earlier book on 
angling: “This Flemish tract appears to have 
priority over the ‘Boke of St. Albans’, as far as 
fishing is concerned; that is, as a printed book. 
There are a number of early German versions, 
appearing under the title of ‘Biichlin’ or ‘Fisch- 
biichlin’, published between 1552 and 1700. One of 
these is included in the Fischbach of Gregory Mangolt, 
published at Zurich in 1598. Three other editions 
are known: one in 4°, without place or date, having 
an identical title; the other, slightly changed in 
verbiage, in 1583 without place; and the third in 
1584.”” 

In the fourteenth edition of the Encyclopedia 
Britannica (1, p. 932) more light is thrown on the 
“Boke of St. Albans”, a part of the second edition 
of which was published in 1496. The manuscript is 
stated to be of the earlier part of the fifteenth century. 
There are, however, possibilities of still older manu- 
scripts of this work. 

The publication of the Sanskrit manuscript of 
“Manasdllisa” by King Sdéméévara, son of King 
Vikramaditya VI of the later Chalukyas, in the 
Gaekwad’s Oriental Series (Publication No. XXVIII, 
Baroda, 1925), has brought to light a chapter on 
angling which gives details, almost modern in prac- 
tice, about this pleasant pastime. ‘“Manasdllisa” is 
an encyclopedic work and was composed in A.D. 1127. 
The kingdom of Séméévara comprised practically the 
whole of the Deccan plateau and included the 
Godavari, Narbada, Tapti and Kistna river systems. 
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It included the Maratti, Tamil and Telugu peoples 


and stretched from the east to the west coast of 


India. 

The chapter on angling is entitled ‘“Matsyavindda”. 
the pastime of angling. As many as thirty-seve;, 
species of Indian sporting fishes are mentioned. 
These are divided into marine, freshwater and 
anadromous kinds. They are then further divided 
into scaly and scaleless varieties, and each group js 
still further divided into large, medium and smalj 
according to size. From the etymological meanings o/ 
the fish names and other particulars given i: the 
work about each kind, it has been possible to determ. 
ine with a fair degree of certainty thirty-three out 
of thirty-seven species. The fishing tackle is dealt 
with under the three main components, namely, line, 
rod and hook. Various types of fibres for making a 
line are suggested, and their relative merits discussed, 
A solid bamboo shoot or a branch of a mangrove 
tree are suggested as suitable material for making a 
rod; types of suitable iron hooks are described. 

For different groups of fishes different prescriptions 
are given for preparing ground baits, and methods 
of feeding various species are separately described. 
Séméévara also gives hints on the actual fishing 
technique and refers to details of ground bait, 
tackle, float, bait, casting the line, fish bite, striking 
a fish and playing a fish. 

By studying inscriptions of irrigation tanks in 
southern India, it has been possible to give an 
evolutionary sequence of fishing in such tanks. 
There are inscriptions of the fifth and sixth centuries 
A.D., showing that irrigation tanks were maintained 
from the revenue derived from paddy cultivation. 
In an inscription of the middle of the tenth century, 
there is mention of a fisherman, but he is assigned 
the work of supplying wood for the repairs of boats 
used for the desilting of tanks, and is paid for his 
labour in paddy. A Tamil inscription of a.p. 1112 
mentions revenue derived from fishing for the main 
tenance of the tank, which shows that the art of pond 
culture and angling had already progressed fairly far. 
King S6méévara composed his ‘‘Manasdllasa’’ in 
1127. In all the inscriptions of the thirteenth to 
the sixteenth century, one finds that fishery revenue 
from irrigation tanks was sufficient for their mainten- 
ance. From this historical narrative, the art of sport 
fishing can definitely be assigned in southern India 
to the middle of the tenth century. 

The work referred to here shows that the art of 
angling was developed in ancient India to a very 
high standard, for the methods described therein are 
quite in line with those used by anglers in India to 
day. The gipsies of Europe, who use Mongolian, 
Hindi and other fragments of Asiatic languages. 
to-day practise the same methods as those described 
by King Sdéméévara, and it is likely that they 
wandered from India to Europe and spread the art 
of angling there. The so-called “Thomas Detective 
float’, a peacock feather type of float, is described in 
““Matsyavin6da” and is not an innovation of the 
nineteenth century. Full details of this work, with 
an atlas of fishes referred to therein, will appear in 
the Journal of the Royal Asiatic Society of Bengal 
in due course. 

S. L. Hora 
(Director) 
Zoological Survey of India, 
Indian Museum, 
Caleutta 13. 
Dec. 12. 
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Evidence for the Natural Radioactivity of 
Indium 


A CONSIDERATION of the energetics of radioactive 
decay shows that two isotopes of the same mass 
number but neighbouring atomic number cannot 
both be stable if the rest mass of the neutrino is zero. 
A number of such neighbouring isobaric pairs exist : 
in Nature ; in some cases the expected radioactivity 
has been found in one member of the pair, with a 
period of decay comparable to, or longer than, the 
age of the earth (for example, the well-known case 
of 12K). The two naturally existing isotopes of 
indium—"3In and |/3In (abundances 4-5 and 94-5 per 
cent respectively )—are each members of such isobaric 
pairs, the first with \'3Cd, and the second with 15S8n. 
Accordingly, it was decided to search for radioactivity 
among these elements, as none had hitherto been 
found. 

Positive results were obtained with indium. Using 
Geiger counters with easily ‘changeable cathodes, a 
definite increase in counting-rate above the back- 
ground-rate was detected when indium cathodes were 
used. The increase was of the order of 15 pulses 
per minute from a cathode of effective area 75 sq. cm. 
and thickness 100 mgm./cm.*. Indium samples of 
different origin and of spectrographic purity were 
used and gave consistent results. The possibility 
that the counts were due to a-particle contamination 
was excluded by the results obtained using propor- 
tional counters and from absorption measurements. 

I first tried to find if the radiation from indium 
could be identified with the characteristic K X-rays 
of cadmium, which would be expected to follow the 
decay of '3In to '3Cd by K-orbital electron capture. 
The experiments were carried out with krypton-filled 
counters which had an efficiency nearly unity for 
these X-rays. The results were negative, and showed 
(in agreement with the results of previous workers') 
that the half-life for the decay of \'3In to \3Cd by 
A -capture must be greater than 10" years. 

There remain two possibilities: first, the decay 
of \3In to U8Sn by 8-emission ; secondly, the decay 
of 3In to 3Cd by L-orbital electron capture. Most 
of the radiation, in fact, was found to consist of 
$-rays. The half-value absorption thickness through 
aluminium under bad geometry was found to be 
about 10 mgm./cm.’, indicating that the energy of 
the 8-rays must be of the order of a few hundred 
kilovolts. The interpretation of these results would 
appear to be that 18In decays by 8-emission to }'?Sn 
with a half-life of the order of 10'* years. 

The second possibility—that part of the radiation 
may be L X-rays following the decay of {'3In by 











L-capture—is of considerable interest. Outer electron 
capture should always accompany A-capture ; but, 
in general, only to a small extent. It is consequently 
very difficult to detect, and, in fact, has only been 
observed in the case of #}A, using proportional counter 
technique*. In .some exceptional circumstances, 
depending on the difference in energy and angular 
momentum between the two nuclei involved, it is 
possible that the probability of L-electron capture 
is greater than that of capture from the K-shell. 
Using counters with different gas fillings and hence 
different efficiencies for cadmium L X-rays, results 
were obtained which were consistent with the hypo- 
thesis that a small part of the radiation consisted of 
cadmium L X-rays ; but owing to the small counting- 
rates involved, the results cannot be regarded as 
conclusive evidence for this process. Assuming 


NATURE 





779 


L-capture, one arrives at a half-life of the order of 
10'* years for the decay of ‘'3In in this way. 

In order to arrive at_ a more conclusive result on 
the L-capture process, the use of indium trimethyl 
vapour as a filling in a proportional counter has been 
considered. 

This work was carried out at the Cavendish Lab- 
oratory, Cambridge, during 1947 and 1948. I would 
like to express my thanks to Prof. O. R. Frisch for 
his encouragement of this study. A detailed account of 
the experiments will be published in the near future. 

Addendum. After this note was written, I had 
the opportunity (through the kindness of Dr. J. V. 
Dunworth) of reading an account of more recent and 
independent work of Libby and Martell (unpublished), 
using indium samples with isotopic enrichment. 
Their results essentially confirm the $-radioactivity 
of In. No conclusive evidence for orbital capture 
in {'3In has been found. 

S. G. COHEN 
Department of Physics, Hebrew University, 


Jerusalem. Nov. 27. 
Russinow and Igelnitsky, C.R. Acad. Sci. U.R.S.S., 47, 333 (1945): 


49, 343 (1945). 
* Kirkwood, Pontecorvo and Hanna, Phys. Rev., 74, 497 (1948). 


Lattice Vibrations and Optical Waves in 
lonic Crystals 

LatricE vibrations in ionic crystals are usually 
treated with the unretarded Coulomb forces. Despite 
some discussions in the existing literature’*, the 
precise nature of the effect due to retardation re- 
mains unknown. We have found that explicit solution 
of the problem is possible for diatomic crystals with 
optical isotropy, mainly because the lattice vibra- 
tions concerned are very long waves, for which the 
lattice behaviours can be described by the following 
equations’ : 


f Se - e tf 
- ae 
ve @_'w \ ix P @9E ; (1) 
“a ‘ew fe, — ly 
. : 9 
Pele Jer t\eQ 73 & 


where w is the displacement of the positive ions rela- 
tive to the negative, multiplied by the square root 
of the ratio of the reduced mass of the ions to the 
lattice cell volume ; P and E are the dielectric polar- 
ization and the electric field ; » and w, are the 
static and high-frequency dielectric constants and 
the infra-red dispersion frequency (circular). 

As shown elsewhere*, if the electric field in the 
lattice is treated according to electrostatics (equiva- 
lent to unretarded forces) by considering the equa- 
tions (1) and (2) in conjunction with 

V.(E+ 4xP) = 0, (3) 
one obtains the usual longitudinal (@ = (¢9/¢,,)"/*e 9) 
and transverse (@ = @,) lattice modes**, which are 
represented by dotted lines in the w ~ 1/A graph. 
In order to take account of the retardation effect, 
one has to bring in the remaining Maxwell equations : 


Ee, € 


V:°H = 0; (4) 

7x E — ; H; (5) 

V x H = le 4nP). (6) 

These equations, we note, necessarily bring the 


radiation field into the picture as well. Consider the 
case when all the ions are held fixed in their equili- 
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brium positions: equation (1), being the equation 
of motion for the ions, can now be discarded, and 
the w term drops out from (2). The solutions of 
(2)-(6) are then simply the light waves suffering only 
refraction due to electrons (velocity = c/+/c,,.); these 
solutions are also represented by a dotted line in 
the graph. The complete equations (1)-(6) thus 
obviously describe the combined system: lattice 
vibrations + radiation field. As regards the former, 
the equations should lead to the retardation effect, 
and, as regards the latter, they should lead to the 
infra-red dispersion. ’ 

The solutions of the equations (1)-(6) are the 
longitudinal and transverse vibratory modes plotted 
as solid curves in the accompanying graph. The 
longitudinal lattice modes are seen not to be affected 
by the retardation effect. As regards the transverse 
solutions, the situation can be interpreted roughly 
as follows. At the intersection point O, the light wave 
and the usual transverse lattice modes have the same 
frequency and are in resonance, corresponding thus 
to the strongest mutual perturbation. The resonance 
tails off towards the right, where we find, indeed, a 
branch of the transverse solutions approaching the 
usval transverse lattice modes. On the other hand, 
the transverse vibrations as usually understood are non- 
existent on the long-wave side of the resonance point O. 

The optical waves, which now experience infra-red 
dispersion, must clearly also be among the solutions. 
In fact, both branches of the transverse solutions 
satisfy the relation : 





4%? f— t~ 

wnt ~ © T T— wje)* ’ 
which we recognize as the infra-red dispersion 
formula ; hence all the transverse solutions must be 


none other than the optical waves. The unexpected 
conclusion thus follows that a number of what would 
be considered as optieal waves in crystal optics are 
identical with the transverse lattice vibrations in the 
theory of ionic crystals. If the graph is turned through 
90°, the relation to the familiar dispersion curve (for 
no damping) becomes obvious: the region between 
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the usual longitudinal and transverse lattice frp. 
quencies is the region of perfect reflexion in optica) 
theory, and the transverse lattice waves are the 
optical waves immediately below the dispersio, 
frequency ©». 

The mathematical considerations are given in 
paper to be published shortly’, where the nature of 
the energy density (that is, whether mechanical] 9, 
radiative) for the solutions is also investigated. 

Kun Hvane 

Department of Theoretical Physics, 

University of Liverpool. Dec. 21. 

* Thompson, J. H. C., Proc. Roy. Soe., A, 149, 487 (1935). 
* Kellermann, E. W., Phil. Trans. Roy. Soc., A, 238, 513 (1949). 
* Huang, K., E.R.A. Report L/7239 (1950). 
* Frohlich, H., and Mott, N. F., Proc. Roy. Soc., A, 171, 496 (1939) 
* Lyddane, R. H., and Herzfeld, K. F., Phys. Rev., 64, 846 (1938), 
® Loatem, R. H., Sachs, R. G., and Teller, E., Phys. Rev., 59, 673 

(1941). 

* Huang, K., Proce. Roy. Soc. (in the press). 


Crystal Structure of Valentinite and 
Complex Antimony (Ill) Fiuorides 

In connexion with a study of the stereochemistry 
of lead', some compounds of trivalent antimony were 
also discussed. In this discussion it was erroneously 
stated that the structure of the orthorhombic modi. 
fication of antimony trioxide, valentinite, is built 
up of finite molecules. As is obvious also from the 
figure in that paper (Fig. 4, p. 15), Buerger and 
Hendricks’s original description of the structure? 
with infinite double chains of the composition Sb,0, 
is quite correct. Unfortunately, in the new edition of 
Gmelins Handbuch’, the structure is described as 
in my paper. 

In both the orthorhombic and the cubic modi- 
fications‘* of Sb,O,, there are three short Sbh—O bonds 
of length 2-0 A., but also some longer Sb—O distances 
of 2-5-2-6 A. in the orthorhombic form and 2-9 A. 
in the cubic one, which may correspond to weaker 
secondary bonds. In the structure of KSb,F,,°, 
four SbF, groups with Sb—F = 2-0 A. are arranged 
around the thirteenth fluorine atom with F—4Sb 
3-0 A. Further, between an antimony atom in one 
group and two fluorine atoms in another group, there 
are Sb—F distances of 3-0 A. Thus the antimony atom 
is surrounded by six fluorine atoms, three at a distance 
of 2-0A. and three at 3-0A., and a distorted 
octahedral arrangement is formed just as in the cubic 
modification’ of Sb,O;. 

However, in the structure of CsSb,F,‘*, there is 
quite a different arrangement. Here no SbF, groups 
are found. The antimony atom forms four bonds 
with a mean Sb—F distance of 2-2A. Thus the 
Sb—F distances in the Sb—F—Sb bridge are of 
approximately the same length as the three other 
Sb—F bonds. In KSb,F;,;, in SbF,’ and in the two 
modifications of Sb,O;, it seems reasonable to assume 
that the three short antimony bonds are p-bonds. 
However, the distorted tetrahedral arrangement in 
CsSb,F, must evidently correspond to another type 
of bond. 

ANDERS BystROm 
Institute of Inorganic and Physical Chemistry, 
University of Stockholm. Dec. 20. 
* Bystrém, A., Arkiv Kemi Mineral. Geol., 25, A, No. 13 (1947). 
* Buerger, M. J., and Hendricks, 8. B., Z. Krist., 98, 1 (1938). 
* Gmelin, “Antimon B2”, 356 (1949). 
‘ Almin, K. E., and Westgren, A., Arkiv Kemi Mineral. Geol., 15, 8. 

No. 22 (1942). 

* Bystrém, A., and Wilhelmi, K.-A., Arkiv Kemi, 3 (1950). 
*To be published in Arkiv Kemi. 


* Bystrém, A., and Westgren, A., Arkiv Kemi Mineral. Geol., 17, B, 
No, 2 (1943). 
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FORTHCOMING EVENTS 


( Meetings marked with an asterisk * are open to the public) 
Tuesday, May 15 


SocIBTY OF pa INDUSTRY, AGRICULTURE GrovP (at the 
Royal College of Science, Imperial Institute Road, London, 3.W.7), 
“Mushroom Composts and Mushroom 


at 3 p.m. sb. R. L. Edwards : 
Growing” 

UNIV ERSITY oF LonDON (at Bedford College for W omen, Regent's 
Park, London, N.W.1), at 5.15 p.m.—-Dr. V. |. Little : “1851, Lecture 


4, As tronomical Explorations’ *.* (Further Lectures on May 17 and 22.) 


Wednesday, May 16 


CHEMICAL COUNCIL (at the Royal Institution, Albemarle 
London, W.1), at 3 p.m.— Prof. R. nstead, F.R.S.: “Chemistry 
and the Amenities of Life’’ (Chemistry in the Service of Man, 1). 

ROYAL GROGRAPHICAL SOCIETY (at | an S Gore, 
S.W.7), at 5 p.m.—Major-General G. Cheetham : a Production 
in Great Britain’’. (First lecture of a course on cartography for foreign 
students.) 

ROYAL METEOROLOGICAL Society (in the Lecture Theatre, Science 
Museum, Exhibition Road, London, 5.W.7), at 5.30 p. m.- Sir Robert 
Watson-Watt, F.R.S.: “Meteorology and Aviation” (Presidential 
Address). 

UNIVERSITY OF LONDON (in the Physiology Theatre, University 
Coliege, Gower Street, London, W.C,]), at 5.30 p.m.—Prof. A. Fessard 
(Collége de France) : “Studies in Comparative Electrophysiology’’.* 
(Further Lectures on May 21 and 2 

CHEMICAL Soctety (in the Chemistry Lecture Theatre, The Univer- 
sity, Manchester), at 6.30 p.m.—Prof. R. B. Woodward (Harvard) 
“Some Recent Advances in the Chemistry of Natural Products" 
(Centenary Lecture). 

Om AND COLOUR CHEMISTS’ ASSOCIATION, 
Manson House, 26 Portland Piace, London, W.1), at 7 p.m.—Mr. 
. T. Richmond and Mr. P. E. Watson: “Some Applications of 
Electronics in the Pigment and related Industrics’’,.* 

UNIVERSE:Y OF LONDON (at the Institute of Archeology, Inner 
Cirele, Regent’s Park, London, N.W.1), at 8.15 p.m.—"r. O. R. 
Gurney : “Ancient Cities in the Light of Archmological Discovery, 1, 
Boghazkéy”’.* (Further Lectures on May 23, 30, June 6, 13 and 20.) 


Street, 


LONDON SECTION (at 
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Thursday, May !7 


FAUNA PRESERVATION Society (at the Zoological Society of Lon- 
don, Regent’s Park, London, N.W.8), at 4.15 p.m.—Dr. F. C. Eloff 
“Wild Life Preservation in South Africa’’ (accompanied by a film). 

LONDON MATHEMATICAL Soctety (in the New Physics Building, 
The University, Manchester), at 5 p.m.—Dr. K. Mahler: “P-adic 
Numbers and Diophantine Approximation” 

UNIVERSITY OF LONDON (at the London School of Economics and 
Political Science, Houghton Street, Aldwych, London, W.C.2), at 
5 p.m.—Prof. I. Schapera: “Anthropology and the Social Sciences’’ 
(Inaugural Lecture).* 

INSTITUTION OF MINING AND 
Society, Burlington House, Piccadilly, 
Annual General Meeting; at 5.15 p.m. 
‘The Mineral Deposits of Gondwanaland” 

PuysicaL Society, Acoustics Group (in the Physics Lecture 
Theatre, King’s College, Strand, London, W.C.2), at 5.30 p.m.- 
Dr. G. B. Bennett and Dr. H. K. P. Neubert: “The Measurement of 
Linear Vibration”. 

Society OF CHEMICAL INDUSTRY, CORROSION GROUP (at the Royal 
Institution, Albemarle Street, London, W.1), at 6.30 p.m.—Dr. U. R. 
Evans, F.R.S.: “The Corrosion Situation—Past, Present and Future” 
(Inaugural Meeting). 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Prof. Brian 
Maegraith, Dr. E. Sherwood Jones and Dr. W. H. H. Andrews: 
“Pathological Processes in Malaria—Progress Report”’ 


Friday, May !8 


METALLURGY (at the Geological 
London, W.1), at 4 p.m.— 
Sir Lewis Fermor, F.R.S.: 
(Presidential Address). 


INSTITUTION OF CHEMICAL ENGINEERS (at the May Fair Hotel, 
Berkeley Street, London, W.1), at 11 a.m.—Twenty-ninth Annual 
Corporate Meeting ; at 12 noon—Prof. D. M. Newitt, F.R “Some 


Memorials of Early Chemical Engineers’’ (Presidential Address). 

INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5 p.m.- Prof. E. G. R. Taylor : 

“Barly Charts and the Origin of the Compass Rose’ 

UNIVERSITY OF LONDON (in the Physiology Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m D. Bovet 
(Rome): “Natural and Synthetic Sympatholytic Drugs, and their 
Structural Relationship with Sympathomimetic Substances’’.* 

ROYAL SOCIETY OF MEDICINE, RADIOLOGICAL SECTION (at 1 Wim- 
pole Street, London, W.1), at 8.15 p.m.—Dr. Ralston Paterson : 
“Our Responsibility for Research” (Presidential Address). 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Sir Edward Salisbury, F.R.S.: ““The West Australian Flora’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER IN PHYSIOLOGY—The Registrar, King’s College, New- 
castle-upon-Tyne (May 19). 
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MATHEMATICIAN (Scientific Officer grade) with a good honours degree 
in mathematics or statistics, and an interest in biological problems 
and an ASSISTANT EXPERIMENTAL OFFICER, with a degree in genetics, 
botany, agricultural botany or horticulture, in the A.R.C. Unit of 
Biometrical Genetics, in the Department of Genetics, University of 
Birmingham—The Sec retary, Agricultural ae. Council, Cunard 
Building, 15 Regent Street, London, 8.W.1 (May 

LECTURER or an ASSISTANT LECTURER - 
Registrar, The University, Leeds 2 (May 21 

LECTURER IN MECHANICAL ENGINEERING, at a LECTURER IN THE 
DEPARTMENT OF MINING AND GEOLOGY—The Principal, Wigan and 
District Mining and ‘Technical College, Wigan (May 22). 

MECHANICAL ENGINEER—The Clerk to the Metropolitan Water 
Board, New River Head, Rosebery Avenue, London, E.C.1 (May 22) 

PRINCIPAL SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER 
(with a first- or second-class honours degree in chemistry, and an 
interest in biological subjects) at the Ministry of Agriculture and 
Fisheries, Plant Pathology Laboratory, Harpenden—'The Secretary, 
Civil Service Commission, Scientific Branch, Trinidad House, Old 
Burlington Street, London, W.1, quoting 8/4025/51 (May 24). 

SCIENTIFIC ADVISOR (with a iirst- or second-class honours degree 
in mathematics or physics or mathematics and physics) in the 
Ordnance Survey Department at Chessington, Surrey—The Secretary, 
Civil Service Commission, Scientific Branch, Trinidad House, Old 
Burlington Street, London, W.1, quoting 5.4022/51 (May 24). 

ASSISTANT LN BIOCHEMISTRY, for work in the metabolism laboratories 
at Stanmore—The Secretary, Institute of Orthopaedics, 234 Great 
Portland Street, London, W.1 (May 26). 

DEMONSTRATOR IN PSYCHOLOGY, to assist in the preparation of 
material, the supervision of practical work, and some tutorials—The 
Registrar, The University, Liverpool (May 26). 

SCIENTIFIC OFFICER (Chemist) for the Water Pollution Research 
Laboratory, Minworth, near Birmingham, for work on the effect of 
temperature on rate of oxidation of | nic matter by bacterial action 

~The Ministry of Labour and National Service, Technical and Scientific 

egister (K), York House, Kingsway, London, W.C.2, quoting 
S/51A (May 26). 
CHIEF ENGINEER or Puysicist in 
Division, Dominion Vhysical Laboratory, 
Commissioner for New Zealand, 415 Strand, London, W 

ASSISTANT (with qualifications in either inorganic 
chemistry) IN THE DEPARTMENT OF CHEMISTRY—The Secretary, 
University, St. Andrews (May 31). 

L.C.1. RESEARCH FELLOWSHIPS IN CHEMISTRY or PHYSICS, or some 
allied subject such as BiOCHEMISTRY, CHEMOTHERAPY, PHARMACOLOGY, 
METALLURGY or ENGINEERING—The Registrar, The University, 
Liverpool (May 31). 

LECTURER — II), or ASSISTANT LECTURER, IN BOTANY, a LEC- 
TURER (Grade I1), or ASSISTANT LECTURER, LN ZOOLOGY, and an 
ASSISTANT LECTURER IN PuHysics, at University College, Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Educa- 
tion in the Colonies, 1 Gordon Square, London, W.C.1 (May 31). 

LECTURER (temporary) IN PHILOSOPHY at Canberra University 
College—The Secretary, Association of Universities of the British 
Sommonwealth, 5 Gordon Square, London, W.C.1 (May 31). 

ORGANIC CHEMIST (with Ph.D. degree or equivalent research ex- 
perience) as Research Assistant to the Professor of Medical Chemistry 
(at 183 Euston Road, London, N.W.1)—The Administrative Officer 
in the United Kingdom, Australian National University, 27 Russell 
Square, London, W.C.1 (June 1). 

SCHOLARSHIP tenable in the Cosmic Ray Section of the School of 
Cosmic Physics—The Registrar, Dublin Institute for Advanced 
Studies, 64 Merrion Square, Dublin (June 1). 

LECTURKR IN INDUSTRIAL ADMINISTRATION—The Registrar, College 
of Technology, Manchester 1 (June 2). 

LECTURER IN MECHANICAL ENGINEERING— The 
University, Sheffield (June 2) 

JUNIOR SCIENTIST at the Coal Survey laboratories at Newcastle-u 
Tyne—-The National Coal Board, Establishments (Personnel), Ho 
House, Grosvenor Place, London, 8.W.1, endorsed TT/319 (June 5). 

RESEARCH ASSISTANT AND DEMONSTRATOR (temporary) IN BOTANY 
~The Registrar, University College, Cathays Park, Cardiff (June 5). 

SCIENTIFIC TECHNOLOGIST (with a good general training in 
chemistry, preferably up to Degree standard) at the Coal Survey 
laboratories at Chester—The National Coal Board, Establishments 


nS The 






the Engineering Research 
Wellington—The High 
*.2 (May 28). 
or physical 
The 


Registrar, The 


n- 


(Personnel), Hobart House, Grosvenor Place, London, 8.W.1, 
endorsed TT/320 (June 5). 
ASSISTANT LECTURER IN ANTHROPOLOGY—The Secretary, London 


School of Economics and Political Science, Houghton Street, Aldwych, 
London, W.C.2 (June 7). 

ELECTRONIC ENGINEERS in a Government Department (experience 
of development work, including circuit design in telecommunications, 
and of pulse techniques, an advantage)—The Ministry of Labour 
and National Service, Technical and Scientific Register (K), York 
House, Kingsway, London, W.C.2, quoting D.85/51A (June 14), 

LECTURER IN Puysics at the University of Otago, Dunedin, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 5 Gordon Square, London, W.C.1 (June 15). 

ASSISTANT (part- -time) IN SPEECH TRAINING—The Re gistrar, The 
University, Manchester 13 (June 30). 

ASSISTANT LECTURER IN PHysics—The Dean of the Medical School, 
Guy’s Hospital, London, 8.E.1 (June 30). 

AERONAUTICAL and MECHANICAL ENGINEERS (Experimental Officer 
grade) at Ministry of Supply research and development establishments 
mainly ir the south of England—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting C.679/50A. 

BIOCHEMIST IN THE DEPARTMENT OF PREVENTIVE DENTISTRY— 
The Secretary, Eastman Dental Hospital and Institute of Dental 
Surgery, Gray's Inn Road, London, W.C.1. 

CIVIL ENGINEERS, to be responsible for the design, development, 
layout and construction of ancillary buildings for large chemical 
factories, including roads, railways, water pumping plants, distribution 
mains and drainage, sewage and allied civil engineering works—The 
Ministry of Supply, Division of Atomic Energy (Production), Risley, 
Warrington, Lancs. 





DESIGN ENGINFERS (Civil), and ENGINEERS (Civil, Grades 5, 4, and 
3), In the Civil Engineering Branch, Design and Construction Depart- 
ment of the State Electricity Commission of Victoria. Melbourne— 
The State ~——q x Commission of Victoria, 2nd Floor, +75 Oxford 
Street, London, W. 

ENTOMOLOGIST at’ the Society’s Gardens, Wisley, Surrey—The 
Secretary, Royal Horticultural Society, Vincent Square, London, 
S.W.1, endorsed ‘Confidential’. 

GRADUATE IN CHEMISTRY to assist in the biochemical investigation 
of the action of A.C.T.H. and cortisone in rheumatic fever—The 
Administrative Officer, Canadian Red Cross Memorial Hospital, 
Taplow, Maidenhead, Berks. 

GRADUATES IN PHYSICS or ENGINEERING for junior research posi- 
tions with the National Research Council, Ottawa, to work in one of 
the following flelds: vacuum tube research, radar development, 
dielectric research, electronics and antenna design—The National 
Research Council of Canada, Africa House, Kingsway, Lc .don, W.C.2. 

HBAD (Principal Scientific Officer grade, with an honours degree 
in mechanical engineering or metallurgy, and experience of research 
in mechanical or production e1 gineering and metallui very desirabie) 
of a new organization planned for co-operative mm | in the Cutle 
industry—The Personnel Officer, British Iron and Steel Research 
Association, 11 Park Lane, London, W.1_ endorsed ‘Cutlery’. 

MECHANICAL ENGINEER, to design and instal various t of 
mechanical plant, including machine tools, pumps, cranes and com- 
pressed air plant for large factories and to investigate maintenance 
problems—The Ministry of Supply, Div‘sion of Atomic Energy (Pro- 
duction), Risley, Warrington, Lancs. 

PHyYsicist (preferably of Ph.L. standing) to work in collaboration 
with an engineer on the development of new machinery—The Secre- 
tary, British Rayon Research Association, Barton Dock Road, 
Urmston, Manchester. 


REFORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Methods of Test for Textiles. PD. 1096, Addendum No. 1, 1950 to 
B.S. Handbook No. 11, 1949 edition. Pp. 11. (London: British 
Standards Institution, 1950.) 1s. net. [181 

Annual Report a Transactions of the Yorkshire Philosophical 
Society for the Year 1949-50. Pp. 20. (York: Yorkshire — 
1950.) 181 

University of Cambridge. Report of the Observatories Syndicate 
for the Year ending 1950 September 30. Pp. 4. (Cambridge: The 
Observatory, 1950.) {181 

Ministry of Agriculture and Fisheries. Fishery Investigations, 
Series 1, Vol. 5, No.2: Salmon Studies. By Dr. J. W. yones. Pp. 23. 
(London: H.M. Stationery Office, 1950.) 1s. 6d. net. (181 

Film Centre. Educational Pamphiets, No. 5: Film Discussion 
Groups in Fundamental Education. By Peter Brinson. Pp. ii+21. 
(London: Olen Press, 1950.) 18. {181 

County Borough of Doncaster: Art Gallery and Museum. Annual 


Report, 1949-1950. Pp. 14. (Doncaster: Art Gallery and Memat 
1950.) 181 

Year Book of the Textile Institute. No. 3, 1950-51. Pp. xxii+246. 
(Manchester: Textile Institute, 1950.) 10s. [181 


Society for F iom in Science. Occasional Pamphiet No. 10: 
More Glimpses of Soviet Science. 


Pp. 16. (Oxford: Society for 
Vreedom in Seience, 1950.) le. 3d. 181 


[ 
Report of the Broadcasting Committee, 1949. (Cmd. 8116.) Pp. 
vii+327. (London: H.M. Stationery Office, 1951.) 6s. 6d. net. [221 
Accountability to Parliament. (Nationalised Industry Series, 1.) 
Pp. iii+3%. 2s. The Powers of the Minister. (Nationalised Industry 
Series, 2.) Pp. iii+20. 2s. (Claygate: Acton Society Trust, = 
51.) 21 
Keports on the Progress of Applied Chemistry. Vol. 34, 1949. Pp. 

928. (London: Society of Chemical Industry, 1950.) [23 
Problems of Promotion Policy. (Nationalised Industry Series, 3. ) 
Ip. 20. (Claygate: Acton Society Trust, 1951.) 2s. {122 

British Toueel of Applied Physics. Edited by Dr. H. R. Lang 
Vol. 1, 1950. Pp. iv+340. £4. (London: Institute of Physics, 1950") 
6s. each Part; annual subscription, 60s. {122 
Philosophical Transactions of the Royal Society of London. Series 
i}: Biological Sciences. No. 623, Vol. 235: Early Pa zoic Star- 
By Dr. W. K. Spencer. Pp. 87-130+plates 2-8. 188. No. 624, 
5 Experiments on Spirodistichous Shoot Apices, 1. By 
Pp. 131-162. 7s. 6d. (London: Cambridge University 
Press, 1951.) {132 


British Standards 1507, 1508: 1950, Steel Pipes and Tubes for 
Pressure Vessels for use in the Chemical and Allied Industries. Pp. 38. 
(London: British Standards Institution, 1950.) 108. 6d. net. [132 
A New Periodic Classification of the Elements. By William Norland. 
Revised edition. (Being Chapters 1, 2 and 14 of Outline of a Cellular 


Mary Snow. 


Atom.) Pp. 26. (St. Helens: The Author, Heathway, Crossley oo 

= 132 
Cambridge Authors’ and Printers’ Guides. 1: First Principles of 

‘Typography. By Stanley Morison. Pp. 18. 2s. 6d. = 2: Prepara- 


tion of Manuscripts and Correction of Proofs. Pp. 2s. 6d. net. 
$: Making an Index. By G. va at Pp. 14. 28. 6d. an (London: 
Cambridge University Press, {133 

British Standard 836 : 1380, , ™ Whale Oil. Pp. 12. 2s. net. 
British Standard 1134: 1950, The Aaqgummeat of Surface Texture, 
Centre-Line-Average Height Method. Pp. 52. 6s. net. (London: 
British Standards [nstitution, 1950.) (132 

Department of Sedustey, and Commerce: Meteorological Service. 
Geophysical Publications, Vol. 3, No. 2: Smoke Sources and Visibility 
Forecasting in Great Britain and Ireland. By H. H. Lamb. Pp. 4+ 
1 plate. (Dublin: Stationery Office, 1950.) 2s. 6d. (132 

The Use of Aluminium Alloys in Structural E neering: an Intro- 
ductory Survey. Pp. 44. (London: nium Development 
Association, 1950.) 2s. 6d. [132 
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Ministry of Labour and National Service: Technical and Sejv ntige 
Service. Present and Future Supply and Demand for Persons with 
Professional —w Ky? in Metallurgy. Pp. 16. (London: HM. 


Stationery Office, 1951.) 4d. net. [i3e 


Other Countries 


Studie Ceskfch stepf na z&kladé recentnich i Sestiaioh mékky§u 

ae a, Loiek, Pp. 90+3 plates. (Praze: Weské Akucd: mie. 
) ) 

Union of South Africa : Department of Mines, Geologica! Sy a 
The Geology of the Country around —— (an Explanation f Sheet 
No. 46). By Dr. i S G. Sdhnge, H. D. le Roex and H. J. Ne! Pp. 
iv +82 (8 plates). , including —— The Geology of the Schoor- 
steenberg Area, tone , Provinee (an planation of Sheet No. 166), 
By J. J. G. Hlignaut, J. Rossouw, Dr. J. de Villiersand H. p 
a Pp. "Sochelies map. (Pretoria : Government Printer, 

1 

United States Department of Agriculture. Circular No. 846 {ter 

Palm Insects in the United States. 4 Fenner 8. Stickney, Dwight F 


Barnes and Perez Simmons. Pp. 57. (Washington, D.C. : Goverument 
Printing Office, 1950.) 25 cents. (161 

Koninklijk Magnetisch en Meteorologisch Observatorium to }::tavia. 
Verhandelingen No. °8 : Forecasting Rainfall in the Periods Decvmber 


January-February “and April-May-June for parts of Celebes + and 
South Borneo. By Dr. W. Euwe. Pp. 24. Verhandelingen No. 39- 


Forecasting Rainfall in the Period December—-January-February for 
Java and Madura. By Dr. W. Euwe. Pp. 16. (Batavia: Koninklijk 
Magnetisch en Meteorologisch Observatorium, 1950.) [161 
Conseil Permanent International pour l'Exploration de |» Mer 
Fiches d’identification du zooplancton, No. 18-29. bliées sous la 
direction de Dr. P. Jespersen et F. S. Russell. Pp. 50. (Copenh ugue 
Andr. Fred. Host et fils. 1950.) 10 kr. [161 
Giessener Naturwissenschaftliche Vortrige. Heft 6: Altes und 
Neues ber Strukturfarben im Tierreich. Von Prof. W. J. Schmidt 
Pp. 71. 3.60 D. marks. Heft 7: Wie erforscht man den subinikro- 


a Bau von Zellen und Geweben ? Von Prof. W. J. Schmidt. 
Pp. 3.60 D. marks. (Giessen : Wilhelm Schmitz \: rlag, 
1040-50). [161 

Académie Royale de Belgique. Classe des Sciences, Mémoires 
Tome 26, Fascicule | : Contribution a l'étude du mécanisine cri stallo- 
graphique du durcissement des duralumins. Par H. Lambot. Pp. 
iv+96+228 plates. (Bruxelles: Académie Royale de Belgique, 1950) 
100 francs. [161 

Pubblicazioni della Universita degli Studi di Firenze. Fascicolo 
N. 66: Osservazioni e memorie dell’Osservatorio Astrofisico di Arcetri, 
Pp. 147. (Firenze: Universita degli Studi, 1950.) (161 

Department of Agriculture, Jamaica. Bulletin No. 38: Tick Con- 
trol Measures; Assessment of the — of Chemica! Tickicicdes for 
Boophius (Margoropus) ann Var. Micro-plus in Jamaica. By 
R. M. Arnold. Pp. ii+33. 1s. 3d. Bulletin No, 39: Beast on Citrus 
Orchard Analyses, 1947-1948. By T. O. Ellis and E. Tai. Pp. 
ili+50. le. 3d. Bulletin No. 40: Fertilizer yt Ee on Lrish 
Potatoes, 1947-1948. By T. O. Ellis. Pp. v+31. ls. 3d. Bulletin 
No. 41: A Preliminary Survey of the Yields, Composition and Fer- 
tilizer Responses of Fodder Grasses. By T. O. Ellis. Pp. v +33. 
ls. 34. Bulletin No. 43: Results of Srostmente on Yield, Com- 
position and Responses to Fertilizers | Napier Grass and Guinea 
Grass in Jamaica. By T. O. a . Burrowes. Pp. 42. 1s. 3d 


(Kingston: Government Printer, 1 (181 
Indian Forest , New Series. ’ siiviculture, Vol 7, No. 2: 
Burma Forest Types ( according to Cp Classification). By 
M. V. Edwards. Pp. 133-174. (Delhi: Manager of Publications, 
1950.) i. ~ 38. 6d. (181 
World Health Organization. Technical Report Series, No. 23: 


on African Rickettsioses ; Report on 
the First Session. Pp. 23. (Geneva: World Health Organization ; 
London: H.M. Stationery Office, 1950.) 1s. 3d.; 15 cents. [181 

New Zealand Forest Service. Annual Report of the Director of 


Joint OLHP/WHO Study-Grou 


Forestry for the Year ended 3)st March 1950. Pp. 98. (Wellington: 
Government Printer, 1950.) 2s. (181 
Annuaire pour Il’an 1951. Publié par le Bureau des Longitudes 
Pp. viili+492+A32+B14+C10+D54. (Paris: Libr. Gauthier- 
Villars, 1951.) {181 
Northern Rhodesia: Water ~~ oy: and my Depart- 
ment. Annual Report for the Year 1 Pp. 8. usaka : Govern- 
ment Printer, 1950.) 1s. {181 
Catalogues 
G.E.C. Journal. Vol. 18, No. 1, January 1951. Pp. 68. (London: 


General Electric Co., Ltd., 1951.) 
Elcontrol Industrial Electronic Relay. 
Eleontro!] Industrial Electronic Timers. 
(London: Elcontrol, Ltd., 1951.) 
Hilger Chance Refractometers for Solids and Liquids. 
: Hilger and Watts, Ltd., 1951.) 
Picture Transmitter, Type D-601-A. (Bulletin B-668-B). 
(Beckenham : Muirhead and Co., Ltd., 1951.) 
Ancient and Modern Books on a Variety of ag coe 
710.) Pp. 96. (London: Francis Edwards, Ltd., 
Wild-Barfield Oval Muffies. (M.148/OM). Pp. 2. Twartord : 
Barfield Electric Furnaces, Ltd., 1951.) 
Marmite Yeast Extract in Medicine and Dietetics. New edition. 


(Data Sheet No. 2). Pp. 2. 
(Data Sheet No. 4). Pp. 2. 


(C.H. 312/3). 
Pp. 4. 
(Catalogue 
Wild- 





re. 16. (London: Marmite Food + 7 _Co., Ltd., 1951.) 
and B. Laboratory Chemical t Third edition. 
Pe 132. (Dagenham: May and oly Ltd., 1951.) 

Catalog, Spring 1951. Pp. 24. (New York : Henry Schuman, [nc., 
1951.) 

Michrome Biological Stains and Reagents, Laboratory Sundries, 
+ Dyes, etc. Pp. 28. (London: Edward Gurr, Ltd., 
1951). 

The Lamp. Vol. 32, a. 4. Pp. 24. (New York: Standard Oi) 


Co. (New ra 1950. 
‘Teddington’ Type 
AT/12B). Pp. 4. 


SP P Thermostatic Oil Control. (Publication 
"eunbary : British Thermostat Co., Ltd., 1951.) 
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FERRANTI, LIMITED, MOSTON WORKS 
vacancies in 





ester, have staff connection 
long term work on an import- 
radio project. (1) Senior Engin- 


tele-control 
or Scientists to take charge of research and 
opment Qua 
od dearee in physics or electrical engineering 
festemive past experience in charge of deve 
work. Salary, according to qual 
and experience. in the range of £1.000 tw 
Please refi RS. 


Assistanas 
fields listed in 
:a 

o electrical or 
alent qualifications. 
260 to £550 per annum. 


gre housing assistance in 
ation form: from Mr R 
Manaecr. Ferranti. Limited, Hotimeood. ‘Lanes 


CROMPTON PARKINSON, LTD., INVITE 
wplications from graduate Physicists or Electrical 
Engineers with good honours degrees to work in 
teir Lamp Development Laboratory on electric 





d@scharge lamps and control gear. Applicants. 
wth or without experience, will be considered. 
Good prospects for man wishing to make a 


arecr in industry. particulars of train- 
ng and practical experience, a any, to Ref. GLD 





Crompton Parkinson, Ltd., Guiseley, near Leeds, 
Yorkshire, 
KODAK, LTD., 


RESEARCH LABORATORY 
nic Chemists, 


° research ¢x: . 
Posts are progressive and may lead to responsibic 
positions in the research laboratory or in produc- 
ton departments. Pension 
cheme.—Apply to the Manager. 
Kodak. Ltd., Wealdstone, Harrow. Middlesex. 


THE RESEARCH ORGANIZATION OF THE 
Distillers Co., Led., have vacancies at their Re- 
warch Sta Cheshire, for 
Chemists, age up to 26 years, for research and 
development work on a fermentation pro- 
cesses on laboratory and pilot-plant scales. Appli- 
ams should possess a good honours degree, 
AR.I.C., or equivalent, and preferably have 
propriate experience. will depend on 
aperience and qualifications. Non-contr'butory 
——y —— .—Apply oe ve Manager, 21 St. 
uare 


SENIOR DESIGN ENGINEER REQUIRED TO 
wmdertake original work on clectronic test equid- 
ment. Experience in V.H.F. techniques and iron- 
cored components desirable. Qual tions include 
degree or Yo and the ability to initiate 
ind develop new essential.— Apply, in 
giving full details of experience, to 
Advance Components, Ltd., Back Road, Shernhall 
Street, Walthamstow, London, E.17. 


TECHNICIAN REQUIRED IMMEDIATELY 
for research organization in the Manchester dist- 
tet, with experience in poses up and testing of 
tical apparatus and instruments. icants 

ould have basic engineering training ard know- 
tdee of technical optics to intermediate standard. 
Experience of lens manufacture and grinding is 
tot needed. Duties will be to assist in the devel- 











@ment, manufacture and ing of 
wparatus in which there is iderable scope for 
teenuity and initiative. Age erred in the 


ange of 25-35 years, and starting salary will be 
® to £500 per annum, according to qualifications. 
bx 536, T. G. Scott & Son, Ltd., 9 Arundel 
treet, London, W.C.2. 


APPLICATIONS ARE INVITED FOR A 
to take charge of a semi-technical labora- 
ory in the N.W., designed. 0 to operate pilot 
manic processes. Candidates for this post 
sould be preferably qualified and have industrial 
“perience in the manufacture of chemi- 
8 or, alternatively, experience in 
tvlopment. The post, which is pensionable, 
ould, in the hands of a capable person, become 
i key position in our orgavization. ~~. 
vill be according to qualifications and 
Apply, with full details, to Box 533, T. 
t Son, Ltd.. 9 Arundel Street, London, W. 











WE INVITE APPLICATIONS FOR VACAN- 
in the Research and Anal: 


Laboratories of a fine Gao heute wane Se 
ne ee eee not 


full details, to Box 534, T. G. 
9 Arundel Street, Lond London, wC2. 


MESSRS. 5S. SMITH & SONS (ER (ENGLAND), 
Lid., are A, applica: for the post of 
Pri the Smith's Technical School. The 
school, A. two rom Cheltenham 
(Gloucestershire) trains technicians for the . ~ 
engineering industry. curriculum covers 

syllabus of the ordinary national certinente. and 
of the City and Guilds of London Institute certi- 
ficate in machine eng necring, as well as 
the clements of i. and instrument design. 
are most 

Salary (four ES according to qualifications 
and experience.—. tions, stating academic 
qualifications, teaching -_ ind experience, 
should be sent to Messrs. Smith & Sons (Eng- 
land), Ltd.. Bishops Cleeve: Cheltenham, and 
marked “ Resident Director.” 


“ASSISTANT ENGINEER REQUIRED BY 
large engineering organization in East London 











vancement. 
(clecwical), No previous experience necessary.— 
Write, stating age, qualifications and salary 
quired, to Box 529, T. G. Scou & Son, Lid., 
Arunde] Street, London, W.C.2. 


GRANTS & SCHOLARSHIPS 


UNIVERSITY OF GLASGOW 
COATS FELLOWSHIP IN CHEMISTRY OR 
PHYSICS 


Annual value £300, with £50 for incidental ex- 








vear’s standing. of any British university. 
Fellow will be required to undertake research in 
chemistry or physics (excluding nuclear physics) 
in the University of Glasgow. 

Appointment will date from October 1, 1951, 
and applications should be lodged with the Clerk 
of Senate, The University, Glasgow, W.2, not 
‘ater than May 31. 1951. 


POSTGRADUATE SCHOLARSHIPS 


IN TEXTILES 
The British Basse | Research Association invites 





textile enginecring. textile chemistry 
scholarships are normally of the 
value of £300 & year, plus fees. but in special 





PRIFYSGOL CYMRU 


UNIVERSITY OF WALES 

A limited sumber of Fellowships, cach of the 
annual value of £400 and tenable for two ycars. 
be awarded in 1951 to graduates of the 
University of Wales. 

Candidates for the Fellowships should send 
their applications to the Registrar, University 
R ys Park, Cardiff, not later than 
"Further information may be ob- 
Registrar. 





“THE GOVERNING BODY OF ~~» 
applications 


cceXxili 


UNIVERSITY OF LIVERPOOL 
Applications are invited for I.C.1. Research 
Fellowships in Chemistry or or some 
allied subject such as as iochemisty. 
pharmacology, metallurgy engineering. 
appointments will date aon October 1, 
The salary will depend upon 
experience, but will be within the range £600 
to £900 per annum, together with F.S.S.U. bene- 
fits and family 

Applications (three copies), with a list of pub- 





lications and the names of two referees, should 
be soostved not taser Gua Mop 31, 1951, by the 
undersigned, from whom further particulars may 
be obtained. (Candidates overseas. who find it 
more convenient to do so, may send one copy 
only by airmail). 


STANLEY DUMBELL. 
Registrar. 


UNIVERSITY OF BRISTOL 
A Pay Fellowship in Applied Mathematics. 
for furtherance is to be estab- 
lished from August 1, 1951, for one year, at a 
stipend in the range £400 to £450, according to 
age, ability and experience. The F 
tenable for one year in 





may ined on application, not later 
than June 1, 1951. 


INSTITUTE OF NEUROLOGY 
(QUEEN SQUARE) 
Gampten 5 The National Hospital, Queen Square. 
W.C.1, The Hospital for Nervous 
i Maids Vale, London ig 
invited P 





of neurology or its ancillary subjects approved 
by the Research Advisory Committee of that 
hospital. Preference will be given to work in 
one of the following subjects: (i) neuro- 
pathology ; (ii) neuro-ophthalmology ; (iii) neuro- 
surgery; (iv) neuro-radiology. The Scholarship. 
the annual value of which is £1,200, will be 
first instance, but 
may be extended, at the discretion of the Com- 
mittee, up to a period of three years. Provision 
will be made for payment of expenses and the 
eppointment will count for superannuation. 
Applications, giving an outline of the work pro- 
posed, should be submitted to the Secretary, Joint 
Research A Committee Institute of 
Neurology, The National Hospital. Queen Square. 
London, W.C.1, by June 30, 1951. 


FOR SALE AND WANTED 


LENS CLEANING TISSUE GREEN'S NO 
105. In booklets or sheets.—Write for sampic 
and price list, NG/T. J. Barcham Green, Ltd.. 
Hayle Mill, Maidstone, Kent. 


LARGE EARTHWORMS, MEAL WORMS, 
Maggots. Ample supplies always availabie : 
10s. and 20s. per tin, carriage paid. Despatch 
same day.—Tring Angling Supplies, Tring, Herts 


WANTED: 1, WILLIAM — “ DE 
Mundo ” oats saunem. 1651 “De 
Magnete "* ; Thompson's Biographical 
Note for the ahken, ‘Cub; 4, P. F. Mottelay’s 
Translation Biographical History (Charles 
Griffin & oo London, 1922). Borrow or pur- 
chase.—W. J. Musson, 10 Hope Place, Mussel- 
burgh, Edinburgh. 


MISCELLANEOUS 


THE ROYAL INSTITUTE OF 
CHEMISTRY 


Incorporated by Royal Charter 
1885 


Founded 1877. 
APPOINTMENTS REGISTER 
A Register Chemists (Fellows, Associates 
and Senior Registered Students) who are avail- 
able for appointments, or who are secking to im- 
prove their positions, is kept at the office of the 
fastionte. The facilities afforded by this Register 
— available (free) to Companies and Organiza- 
services of chemists and to 
a my Colleges and Ti 
quiring Teachers of Chemistry and Technology. 
Particulars of the Regulations and Examinations 
of the Institute can be obtained (free) on appili- 
cation to the R . The Royal Institute of 























fica 
ter than June 15, 1951. 








Chemistry, 30 Russell Square, London, W.C.1. 





May 12, 1951 


NATURE 


DEC NO. 47 LOADON 


wa | 
mee e 6TWO 
CENTURIES 


MAKING 


EVANS, ADLARD & CO LTD 
WINCHCOMBE - GLOS 








R. & J. BECK LTD, 69 MORTIMER ST. LONDON, W ! 














Luminescent Martens || zp A Miniature 
STANDARD CELL 


FOR 
cee =«£1.13.0 


ELECTRIC DISCHARGE LAMPS iT oof 
CA se (Post free in U.K.) 
THODE RAY TUBES | men’. IMMEDIATE 
X-RAY SCREENS Ne ARO DELIVERY 
eee Our other types of 


Standard Cells 
will interest you. Write for literature. 


INSTRUMENT DIALS |e 
DECORATIVE DISPLAYS : ag sn peel 


SPECIAL PHOSPHORS MADE TO | te 
CUSTOMERS’ SPECIFICATIONS Bf “PANEL AND CHASSIS FIXING HOLES 
tk * game MUIRHEAD « Co. Lr. 

EN Precision Electrical Instrument Makers 


DERBY & COMPANY LTD. iDIN BECKENHAM - KENT - ENGLAND 
Of . Telephone : Beckenham 0041 
P Chesesiie : =e Grams &Cables: MUTRHEADS ELMERS-END 
2-3 sapside, London, E.C. PRECISION 


Telephone: CITY 2633 
Telegrams: PLATIVET, London \ MUIRHEAD 
L— , : ELECTRICAL INSTRUMENTS 


Works : L ys 
Millmarsh Lane, Brimsdown, Middx. HOW ard me ACTUAL SIZE 


Printed in Great Britain by Fiswer, Knicut & Co., Lrp., The Gainsbo: Press, St. Albans, and published by Macuuian & Co., Limite, 
at St. Martin’s Street, London, W.C.2, and Taz Macmittan Co., 60 Fifth Avenue, New York 11, N.Y., U.S.A.—Saturday, May 12, 1951. 


























